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Abstract
I present a dynamic general equilibrium model with heterogeneous firms that can innovate, learn
how to export and then go on to become multinational firms. Entering the foreign market is a dy-
namic process where firms first learn how to export and then can learn how to adapt production
to a low-wage location (multinational production). I solve the model numerically and, starting
from a 1990 benchmark of US and Mexico, study how policy changes such as stronger patent
protection and trade liberalization affect innovation, technology transfer and consumer welfare.
In particular, I disentangle how labor resources are reallocated within regions in response to
policy changes: across sectors (production, innovation, export-learning and adaption to multi-
national production), across high-productivity and low-productivity firms, and within firms as
they produce more (less) for the home market visavi the export market. I obtain higher rates of
export-learning and FDI for high-productivity firms than for low-productivity firms. As a result,
exporters are on average more productive than non-exporters, and multinational firms are on
average more productive than exporters. In equilibrium, there are still some low-productivity
exporters, some low-productivity multinational firms and some high-productivity non-exporters.
Low-productivity firms export and engage in FDI but they are just not as successful in these
activities as high-productivity firms.
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Rights, Foreign Direct Investment, Product Cycles, Economic Growth.
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1 Introduction
From the firm-level datasets that became available in the 1990s, it was evident that only a small share
of firms export and an even smaller share of firms are multinationals. The data also showed that
exporters and multinational firms are different from non-exporting firms. In particular, exporting
firms tend to be more productive than firms that do not export, and multinational firms tend
to be even more productive than exporting firms. Existing trade theory could not explain these
interesting facts, and consequently, the last decade has witnessed an explosion in research on firm
entry into foreign markets.
In Helpman, Melitz and Yeaple (2004), building on the influential paper by Melitz (2003),
monopolistically competitive firms are heterogeneous in productivity and face fixed costs for selling
domestically, for entering a foreign market via exports, and for entering a foreign market via foreign
direct investment (FDI). In their model, the fixed cost of FDI is higher than the fixed cost for
exporting, but a firm that serves the foreign market through a foreign affiliate does not need to
pay the variable trade cost for shipping its product from one port to another. All firms that are
above a particular productivity threshold decide to engage in FDI and become multinational firms.
Firms that are not productive enough to cover the fixed costs of FDI, but have a productivity above
another lower threshold level decide to not just serve the domestic market but also to export.
In Helpman et al (2004), the decision to enter the foreign market through either exporting or
FDI is a one-time decision. However, Conconi, Sapir and Zanardi (2013) find that, looking at
all Belgian manufacturing firms that started to engage in FDI during 1998-2008, these firms were
already serving the foreign market via exports in almost 90 per cent of the cases. This suggests
that learning how to serve foreign markets (via exports and then via FDI) is a gradual process that
takes time. The static model in Helpman et al (2004) and the many extensions that followed Melitz
(2003) cannot capture a gradual learning process where learning how to export is a stepping stone
to doing FDI and becoming a multinational firm. Instead, a dynamic model is needed to capture
this process for firms’ international activities.
Another striking fact about FDI is that the recent wave of globalization has been associated
with a huge increase in FDI going to developing countries. For example, from 1990 to 2005, there
was a ten-fold increase in FDI going to developing countries. The only way this can be explained
using the Helpman et al (2004) model is through a reduction in the fixed cost of FDI. In that
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model, a decrease in the fixed FDI cost would lead to more multinationals, but it would also lead
to fewer exporters since the productivity cutoff for becoming a multinational is lowered while the
productivity cutoff for exporting is unchanged. Since 1990, while there has been a large increase in
FDI, there has been no corresponding decrease in exporting by firms.
In this paper, I present an explanation for the large increase in FDI inflow that does not involve
changing the cost of FDI. I show that a more favorable environment for firms in the host-country
(after the cost of FDI is incurred) can lead to dramatically more FDI. During the time period
1990-2005, many developing countries were strengthening their intellectual property rights (IPR)
protection to comply with the Agreement on Trade Related Aspects of Intellectual Property Rights
(TRIPS). I calibrate the model to fit a benchmark in 1990 which represents the world prior to the
signing of the TRIPS agreement and as an exercise, also a 2005 benchmark, when southern IPR
protection is stronger due to implementation of the TRIPS agreement. By simply imposing stronger
IPR protection, I am able to replicate the large observed increase in FDI inflow going to developing
countries during the time period 1990-2005.
A common feature in Helpman et al (2004) and the many extensions that followed Melitz (2003)
is the sharp productivity cutoffs in the productivity sorting across exporters and non-exporters.
Firm-level evidence show that there are still some non-exporters that have higher productivity than
exporters (as seen for the US in Bernard, Eaton, Jensen and Kortum (2003) and for Belgium in
Mayer and Ottaviano (2008)), even though exporters on average are more productive than non-
exporting firms (Bernard and Jensen (2004) and Lileeva and Trefler (2010)). Castro, Li, Maskus
and Xie (2013) attribute this pattern to varying fixed costs of exporting. Using Chilean firm-
level data, they examine how firms’ export decisions vary with both firm productivity and the
fixed export costs the firm faces in a particular year, industry and region. In the dynamic model
presented in this paper, I find that the export-learning rate is higher for high-productivity firms
than for low-productivity firms and that the FDI rate is higher for high-productivity firms than
for low-productivity firms. The resulting pattern is that, on average, exporting firms are more
productive than non-exporting firms, and multinational firms are more productive than exporting
firms. However, there will still be some low-productivity multinational firms, some low-productivity
exporting firms, and some high-productivity non-exporting firms in equilibrium.
In the model, firms in the North (developed countries) engage in innovative research and develop-
ment (R&D) to develop new product varieties. Upon successful innovation, a northern firm starts to
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produce in the North (serving the domestic market) and learns if it is a high-cost (low-productivity)
firm or a low-cost (high-productivity) firm. Firms in the North can engage in export-learning R&D
to access the southern market and earn higher profits from selling to both markets. The export-
learning R&D costs are of a similar nature to the fixed export costs in Arkolakis (2010), where
firms need to pay a fixed cost for marketing (or setting up a distribution network) to enter into
each export market. Exporting northern firms can then choose to engage in adaptive R&D (FDI)
to learn how to produce their product variety through a foreign affiliate in the South where wages
(and hence, production costs) are lower. Multinational firms that produce in foreign affiliates in
the South face the risk of imitation from southern firms. If imitation occurs, the multinational firm
is pushed out of the market and southern firms immediately serve both the southern market and
export to the North.
I find that stronger IPR protection in the South induces both high-cost and low-cost foreign
affiliates of northern firms to increase their R&D expenditures and also results in faster rates
of technology transfer within these multinational firms, consistent with the empirical evidence in
Branstetter, Fisman and Foley (2006).1 Low-cost firms respond more to FDI-related policies than
high-cost firms by transferring more production to the South than high-cost firms. As a result of
stronger IPR protection, more product varieties end up being produced in the South and exports
of new products from the South to the North increase, consistent with the empirical evidence in
Branstetter, Fisman, Foley and Saggi (2011).2 I also find that stronger IPR protection stimulates
innovative R&D spending by northern firms and results in faster economic growth, consistent with
the empirical evidence in Gould and Gruben (1996).3 Consumers in both regions benefit from
increased product variety and lower prices as more production takes place in the South, resulting
in higher long-run consumer welfare.
This paper also relates to the theoretical literature on FDI and IPR protection in developing
1Branstetter, Fisman and Foley (2006) study how international technology transfer within US-based multinational
firms changes in response to IPR reforms in developing countries. They find that due to IPR reform, royalty payments
for technology that has been transferred to foreign affiliates increase and the R&D expenditures of these foreign
affiliates increase.
2Branstetter, Fisman, Foley and Saggi (2011) find that following patent reform aimed at strengthening IPR pro-
tection, US-based multinational firms expand the scale of their activities in reforming countries and exports of new
goods increase in reforming countries.
3Gould and Gruben (1996) use cross-country data on patent protection, trade regime and country-specific char-
acteristics and find evidence that IPR protection is a significant determinant of economic growth. Countries with
stronger IPR protection tend to have higher average yearly per capita GDP growth from 1960 to 1988. Furthermore,
the effects are slightly stronger in relatively open economies. They attribute this to the linkage between innovation
and IPR protection playing a stronger role in more competitive (open) markets.
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countries, for example Glass and Saggi (2002), Glass and Wu (2007), Branstetter and Saggi (2011)
and Jakobsson and Segerstrom (2012). The standard assumption in these dynamic general equilib-
rium models of North-South trade is that all firms sell to their domestic market and also immediately
export to the foreign market. This assumption is not consistent with the empirical evidence from
firm-level data that the majority of firms only sell to the domestic market (for example, Bernard et
al (2003) find in their sample of US firms that about 80 per cent of plants do not export any of their
output). With a simple heterogeneity structure and by introducing R&D costs for export-learning,
I am able to generate results that are consistent with such a large share of non-exporting firms.
By using a dynamic modeling framework where firms engage in R&D, I can study how innovation,
international technology transfer and ultimately consumer welfare are affected by heterogeneous
firms’ export-learning and FDI activities. In addition, I can study how labor resources are allocated
across sectors (production, innovation, export-learning and adaption to multinational production),
across high-productivity and low-productivity firms, and within firms as they choose to produce
more (less) for the home market visavi the export market in response to policy changes. In the time
period 1999-2009, innovative R&D expenditures in the U.S. relative to local manufacturing value-
added grew from 8.7 percent to 12.7 percent and the share of employment of U.S. firms located in
their foreign affiliates grew from 22 percent to 31 percent (OECD STAN, US Bureau of Economic
Analysis, cited in Arkolakis et al (2013)). The paper that relates closest to mine is Arkolakis,
Ramondo, Rodr´ıguez-Claire and Yeaple (2013). In their static monopolistic competition model
of trade and FDI, location of innovation and production is determined by comparative advantage
and home market effects arising from variable trade costs and variable costs for multinational
production with increasing returns to scale. In contrast, in the dynamic model that I present,
firms’ internationalization is a gradual process, where the amount of innovation and the rates of
export-learning and adaption for multinational production are endogenously determined.
The paper proceeds as follows. Section 2 describes the model and derives the steady-state
equations. The model is solved numerically in Section 3. I present two benchmark scenarios and
solve the model for several counterfactuals to study the effect of policy changes related to exporting
and FDI. In particular, I study the effects of trade liberalization, strengthened IPR protection,
lower fixed costs of exporting (export market entry) and lower fixed costs of FDI (adaption for
multinational production). Section 5 concludes. Calculations done to solve the model in more
detail can be found in the Appendix.
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2 The Model
2.1 Overview
Consider a global economy with two regions, the North and the South. Labor is the only factor
of production. It is used to manufacture product varieties for final consumption, develop new
product varieties (innovation), adapt exisiting product varieties for entry into the foreign market
(export-learning) and adapt exported varieties for production in the South (FDI). Labor is perfectly
mobile across activities within a region, but cannot move across regions. Since labor markets are
perfectly competitive, there is one single wage rate paid to all northern workers wN and one single
wage rate paid to all southern workers wS . Although labor cannot move across regions, goods can.
International trade between the North and the South is subject to iceberg trade costs: τ > 1 units
of a good must be shipped for one unit to arrive at its destination.
Only firms in the North, northern firms, have the capacity to innovate. A northern firm can
hire workers to engage in innovative R&D with the purpose of developing the blueprint for a new
product variety. After successful innovation, the firm earns monopoly profits from selling to the
domestic market (the North). When the northern firm makes the decision of how much labor to
hire for innovation, the firm does not know its own productivity in manufacturing, and there is
therefore uncertainty about the expected profit flow. With probability qH = q, the northern firm
will be a high-cost firm with unit labor requirement cH for manufacturing output. With probability
qL = 1−q, the northern firm will be a low-cost firm with unit labor requirement cL, where cL < cH .
The northern firm is fully informed about the probabilities for the marginal cost draw. Even
though firms are heterogeneous in their productivities, high- and low-cost firms face the same labor
requirement for R&D.
When the northern firm starts producing and selling to the domestic market, the firm learns its
own productivity. The northern firm can subsequently choose to hire southern workers to engage in
export-learning R&D with the purpose of introducing its product variety to the southern market.
Such R&D costs can be thought of as marketing, setting up distribution networks and learning
how to comply with regulations in the foreign market. Upon successful export-learning, the firm
earns higher monopoly profits since it earns profits from two markets instead of one. Such a firm
is called an exporter. A firm that has learned to export can then choose to hire southern workers
to engage in adaptive R&D with the purpose of transferring its manufacturing operations to the
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South where the wage rate is lower.4 When successful in adaptive R&D, a firm earns higher global
monopoly profits compared to when the firm was a northern exporter because of the lower wage
rate in the South. Such a firm is called a foreign affiliate since, even though all production takes
place in the South, a fraction of its profits is repatriated back to its stockholders in the North in
the form of royalty payments for the right to use the blueprint of the particular product variety.
Adaptive R&D is the cost that firms incur when transferring their technology to foreign affiliates,
and can therefore be interpreted as an index of FDI. Southern R&D (northern firms’ export learning
R&D and exporters’ adaptive R&D) is financed by southern savings, but northern domestic firms
and northern exporters, respectively, control the amount of R&D in order to maximize their global
expected discounted profits. Upon successfully adapting production to the South, the foreign affiliate
sells to the southern market and also exports back to the North without incurring any additional
export learning costs.
Foreign affiliates are exposed to a positive rate of imitation from southern firms. Once a product
variety has been imitated, the blueprint becomes available to all southern firms. No southern firm
can set its price higher than marginal cost and southern firms earn zero profits. Foreign affiliates
need to set the price higher than marginal cost to recover the cost of adaptive R&D. Therefore, a
foreign affiliate cannot compete with southern firms. Southern imitators sell to the southern market
and also export the product variety to the North without having to incur any export-learning costs
to sell to the northern market.
A product variety experiences a one-way product cycle a` la Vernon (1966), illustrated in Figure
1. Each product variety is initially developed by a northern firm. The number of varieties in the
economy grows at the rate g as a result of northern firms’ innovative R&D activities. Each northern
firm starts to produce the product variety it invented in the first stage and sells to the domestic
market. It is at this point that the northern firm learns its own productivity. With probability qH
the firm draws a high marginal cost and with probability qL it draws a low marginal cost. The
firm can then engage in export-learning R&D with the aim of exporting to the southern market.
Export-learning as a result of firms’ R&D activities occurs at the endogenous rate χH for high-cost
firms and at the endogenous rate χL for low-cost firms. After the firm has become an exporter,
it can engage in adaptive R&D. If the firm is successful, the product variety is transferred to the
4I will only solve for equilibria where wN > wS , since lower production costs in the South creates the incentive for
FDI in the model.
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South where it is produced by a foreign affiliate of the northern firm. Such international technology
transfer occurs at the endogenous rate φH for high-cost northern firms and at the endogenous
rate φL for low-cost northern exporters. Imitation of both types of foreign affiliates occurs at the
common exogenous rate ιS , resulting in southern firms producing the product variety for the entire
world market.
2.2 Households
In both the North and the South, there is a fixed measure of households that provide labor services
in exchange for wage payments. Each individual member of a household lives forever and is endowed
with one unit of labor, which is inelastically supplied. The size of each household, measured by the
number of its members, grows exponentially at a fixed rate gL, the population growth rate. Let
LNt = LN0e
gLt denote the supply of labor in the North at time t, let LSt = LS0e
gLt denote the
corresponding supply of labor in the South, and let Lt = LNt + LSt denote the world supply of
labor. In addition to wage income, households also receive asset income from their ownership of
firms.
Households in both the North and the South share identical preferences. Each household is
modeled as a dynastic family that maximizes discounted lifetime utility
U =
∫ ∞
0
e−(ρ−gL)t ln(ut)dt (1)
where ρ > gL is the subjective discount rate and ut is the static utility of an individual at time t.
The static constant elasticity of substitution (CES) utility function is given by
ut =
[∫ nt
0
xt(ω)
αdω
] 1
α
, 0 < α < 1. (2)
In the CES utility function (2), xt(ω) is the per capita quantity demanded of the product variety
ω at time t and nt is the total number of invented varieties at time t. The parameter α measures
the degree of product differentiation across varieties. Varieties are assumed to be gross substitutes
and the elasticity of substitution between different product varieties is σ ≡ 1/ (1− α) > 1.
8
Innovation 
(new product varieties) 
at rate g
Production by northern 
high cost firms
MC = cHwN
nNt
H varieties
Production by northern 
low cost firms
MC = cLwN
nNt
L varieties
Export learning
at rate χL
Export learning
at rate χH
Production by low cost 
exporting firms
MC = cLwN
nXt
L varieties
FDI 
at rate ΦL
Production by high cost 
exporting firms
MC = cHwN
nXt
H varieties
FDI
at rate ΦH
Production by low cost 
foreign affiliates
MC = cLwS
nFt
L varieties
Production by high cost 
foreign affiliates
MC = cHwS
nFt
H varieties
Imitation 
at rate ιS
Imitation 
at rate ιS
Production by southern 
low cost firms
MC = cLwS
nIt
L varieties
Production by southern 
high cost firms
MC = cHwS
nIt
H varieties
Probability 
qL=1-q
Probability 
qH=q
Figure 1: Product cycle
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Solving the static consumer optimization problem yields the familiar demand function
xt (ω) =
pt (ω)
−σ ct
P 1−σt
(3)
where ct is individual consumer expenditure at time t, pt (ω) is the price of variety ω at time t, and
Pt ≡
[∫ nt
0 pt (ω)
1−σ dω
]1/(1−σ)
is an index of consumer prices. I will shortly define one such price
index for each of the two regions. By substituting the demand function (3) into (2) and using the
definition of the price index Pt, it can be shown that ut = ct/Pt. The consumer takes all prices as
given when maximizing intertemporal utility. Maximizing (1) subject to the relevant intertemporal
budget constraint yields the familiar intertemporal optimization condition
c˙t
ct
= rt − ρ (4)
implying that individual consumer expenditure only grows over time if the market interest rate rt
is larger than the subjective discount rate ρ.
The representative consumer in each region has different wage income (wN > wS) and hence
different consumer expenditure. Let cN and cS denote the representative consumer’s expenditure
in the North and the South, respectively. I treat the southern wage rate as the numeraire price
(wS = 1) so all prices are measured relative to the price of southern labor. I solve the model
for a steady-state equilibrium where wages wN and wS and consumer expenditures cN and cS are
all constant over time. Therefore, in steady-state equilibrium, c˙t/ct = 0 in (4) and rt = ρ. The
market interest rate is constant over time and equal in the two regions in steady-state equilibrium,
rN = rS = ρ. The interest rate in one region can be different from that in the other region along the
transition path to the new steady-state equilbrium since there is no international capital mobility.
The prices of goods will differ between the two regions because of trade costs. Product prices are
denoted by pLN and p
H
N for low- and high-cost northern varieties sold in the domestic market and p
L∗
N
and pH∗N for exported northern varieties in the South, p
L
F and p
H
F for foreign affiliate varieties sold
in the South, and pL∗F and p
H∗
F for foreign affiliate varieties sold in the North. Varieties produced
by southern firms are sold at the prices pLS and p
H
S in the South, and p
L∗
S and p
H∗
S in the North. In
steady-state equilibrium, all product prices are constant over time.
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2.3 Some Steady-State Dynamics
There are four types of varieties produced by high-cost firms: nHNt varieties produced by high-
cost non-exporting northern firms, nHXt varieties produced by high-cost exporting northern firms
(”X” for ”export”), nHFt varieties produced by high-cost foreign affiliates (”F” for ”FDI”) and n
H
It
varieties produced by high-cost southern firms that have imitated high-cost foreign affiliates (”I” for
”imitation”). Likewise, there are four types of varieties produced by low-cost firms: nLNt varieties
produced by low-cost non-exporting northern firms, nLXt varieties produced by low-cost exporting
northern firms, nLFt varieties produced by low-cost foreign affiliates and n
L
It varieties produced by
low-cost southern firms that have imitated low-cost foreign affiliates.
Let g ≡ n˙t/nt denote the steady-state growth rate of the number of varieties. From the variety
condition nt = n
H
Nt + n
L
Nt + n
H
Xt + n
L
Xt + n
H
Ft + n
L
Ft + n
H
It + n
L
It, it follows that the number of
varieties produced by each type of firm must grow at the same rate g. Therefore the variety shares
γHN ≡ nHNt/nt, γLN ≡ nLNt/nt, γHX ≡ nHXt/nt, γLX ≡ nLXt/nt, γHF ≡ nHFt/nt, γLF ≡ nLFt/nt, γHI ≡ nHIt/nt
and γLI ≡ nLIt/nt are necessarily constant over time in any steady-state equilibrium and satisfy
γHN + γ
L
N + γ
H
X + γ
L
X + γ
H
F + γ
L
F + γ
H
I + γ
L
I = 1.
The price index in the North will be different than the price index in the South for two reasons.
First, products prices differ across regions because of trade costs τ . Second, the set of product
varieties available in the northern market is larger than the set of product varieties available in the
southern market, since some northern product varieties are only sold domestically. Let PNt denote
the price index for the North and PSt denote the price index for the South. From the definition
of the price index Pt ≡
[∫ nt
0 pt (ω)
1−σ dω
]1/(1−σ)
it follows that the northern price index satis-
fies P 1−σNt =
∑
i=H,L
[
niNt
(
piN
)1−σ
+ niXt
(
piN
)1−σ
+ niF t
(
pi∗F
)1−σ
+ niIt
(
pi∗I
)1−σ]
and the southern
price index satisfies P 1−σSt =
∑
i=H,L
[
niXt
(
pi∗N
)1−σ
+ niF t
(
piF
)1−σ
+ niIt
(
piI
)1−σ]
. Using the variety
shares defined earlier, I can rewrite these expressions as
P 1−σNt =
∑
i=H,L
[
γiN
(
piN
)1−σ
+ γiX
(
piN
)1−σ
+ γiF
(
pi∗F
)1−σ
+ γiI
(
pi∗I
)1−σ]
nt (5)
P 1−σSt =
∑
i=H,L
[
γiX
(
pi∗N
)1−σ
+ γiF
(
piF
)1−σ
+ γiI
(
piI
)1−σ]
nt (6)
where the terms in brackets are constant over time. Thus, P 1−σNt and P
1−σ
St both grow over time at
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the rate g in any steady-state equilibrium.
Let χi ≡ (n˙iXt + n˙iF t + n˙iIt)/niNt denote the steady-state rate at which non-exporting northern
firms of marginal cost type i (where i = H,L) learn how to export to the South (the rate at
which i-cost product varieties become available to southern consumers as a result of export-learning
activities of the northern firms). The export-learning rate is constant over time in any steady-state
equilibrium because χi ≡ n˙iXt+n˙iFt+n˙iIt
niNt
=
n˙iXt
niXt
niXt/nt
niNt/nt
+
n˙iFt
niFt
niFt/nt
niNt/nt
+
n˙iIt
niIt
niIt/nt
niNt/nt
= g
γiX
γiN
+ g
γiF
γiN
+ g
γiI
γiN
.
In the definition of export-learning rate, I take into account that some of the exported varieties are
adapted for production by foreign affiliates, and in turn, some of these foreign affiliate varieties are
imitated by southern firms.
Let φi ≡ (n˙iF t + n˙iIt)/niXt denote the steady-state rate of international transfer of i-cost tech-
nology from the North to the South as a result of FDI. This FDI rate is constant over time in any
steady-state equilibrium since φi ≡ n˙iFt+n˙iIt
niXt
=
n˙iFt
niFt
niFt/nt
niXt/nt
+
n˙iIt
niIt
niIt/nt
niXt/nt
= g
γiF
γiX
+g
γiI
γiX
. In the definition
of the FDI rate, I take into account that adaption to production by foreign affiliates in the South
involves exposure to a positive rate of imitation from southern firms. The flow n˙iIt represents the
flow of foreign affiliate varieties that are imitated by southern firms.
Let ιS ≡ n˙iIt/niF t denote the imitation rate of foreign affiliate-produced varieties. It is constant
over time in steady-state equilibrium since ιS ≡ n˙
i
It
niFt
=
n˙iIt
niIt
niIt/nt
niFt/nt
= g
γiI
γiF
.
By the law of large numbers, γiN + γ
i
X + γ
i
F + γ
i
I = q
i. From the variety condition nt =∑
i=H,L n
i
Nt + n
i
Xt + n
i
F t + n
i
It, it follows that a share q
H = q of total varieties consists of the
high-cost varieties and the remaining share qL = 1 − q consists of low-cost varieties. By taking
the derivative of qint = n
i
Nt + n
i
Xt + n
i
F t + n
i
It with respect to time, dividing by nt and using the
definitions of the northern i-cost variety share γiN , the growth rate g and the FDI rate φ
i, I obtain
a steady-state expression for γiN :
γiN = q
i g
g + χi
, (i = H,L). (7)
A faster innovation rate corresponds to larger shares of varieties on the world market produced by
non-exporting northern firms (g ↑=⇒ γiN ↑). Also, i-cost firms becoming exporters at a faster rate
corresponds to a smaller share of world production being done by i-cost non-exporting firms in the
North (χi ↑=⇒ γiN ↓).
From the definition of the export-learning rate, it follows that χi =
(
g + φi
)
γiX/γ
i
N . Inserting
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the steady-state expressions for γiN from (7) yields
γiX = q
i χ
i
g + χH
g
g + φi
, (i = H,L). (8)
Faster export-learning rates for northern firms correspond to larger shares of world production
being done by northern exporters (χi ↑=⇒ γiX ↑). Northern exporters becoming multinational
firms and transferring production to the South at a faster rate corresponds to smaller shares of
world production being done by northern exporters (φi ↑=⇒ γiX ↓).
From the definition of the FDI rate φi and using the definition of the imitation rate ιS ≡ n˙iIt/niF t,
it follows that γiF = γ
i
Xφ
i/ (g + ιS). Inserting the steady-state expressions for γ
i
X yields
γiF = q
i χ
i
g + χi
φi
g + φi
g
g + ιS
, (i = H,L). (9)
A higher FDI rate for i-cost technology translates into a larger share of world production taking
place in foreign affiliates of marginal cost type i (φi ↑=⇒ γiF ↑). Since only exporting firms can
become multinationals, a higher export-learning rate also corresponds to a higher share of foreign
affiliate production (χi ↑=⇒ γiF ↑). On the other hand, a faster imitation rate corresponds to a
smaller share of world production being done by foreign affiliates (ιS ↑=⇒ γiF ↓).
From the definition of the imitation rate ιS ≡ n˙
i
It
niFt
it follows that ιS = g
γiI
γiF
. Using this expression
along with the expressions for γiF from (9), I obtain
γiI = q
i χ
i
g + χi
φi
g + φi
ιS
g + ιS
, (i = H,L). (10)
As expected, a faster imitation rate corresponds to larger shares of world varieties being produced
by southern firms (ιS ↑=⇒ γiI ↑). Imitation targets foreign affiliates so more foreign affiliate varieties
in the South means that more product varieties can be imitated and produced by southern firms
(φi ↑=⇒ γiI ↑). Since only exporters engage in adaptive R&D, a faster rate of export-learning
corresponds to more production taking place in southern firms (χi ↑=⇒ γiI ↑) .
2.4 Product Markets
Firms compete in prices and maximize profits. There are constant returns to scale in production.
Production of one unit of output requires cH units of labor for a high-cost firm, and cL units of labor
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for a low-cost firm. There are iceberg trade costs, such that τ > 1 units of a good must be shipped
for one unit of the good to arrive at its destination. A northern high-cost non-exporting firm has
the marginal cost cHwN and a northern low-cost non-exporting firm has the marginal cost c
LwN . A
northern high-cost exporting firm has the marginal cost cHwN when selling to the domestic market,
but the marginal cost τcHwN when selling to the southern market. The corresponding marginal
cost for a low-cost northern exporter is cLwN when selling to the domestic market (the North), and
τcLwN when selling to the export market (the South). A high-cost foreign affiliate and a high-cost
southern firm has the marginal cost cHwS when selling to the domestic market (the South) and
τcHwS when selling to their export market (the North). The corresponding marginal costs for
low-cost foreign affiliates and low-cost southern firms are cLwS and τc
LwS , respectively.
All northern firms earn domestic profits. The domestic profit flow for a northern firm is given
by piiNt =
(
piN − ciwN
)
xiNtLNt, (i = H,L), where p
i
N is the price of a northern variety of marginal
cost type i in the domestic market, ci is the unit labor requirement in production and xiNt is the
quantity of the northern firm’s product demanded by the typical northern consumer. (Note that
cN is consumer expenditure of the typical northern consumer.) From (3), a northern firm faces
domestic consumer demand xiNt = (p
i
N )
−σcN/P 1−σNt . A northern firm chooses its price to maximize
profits, and it is straightforward to verify that the profit-maximizing price is the monopoly price
piN =
ciwN
α . A high-cost northern firm has a higher marginal cost than a low-cost northern firm so
the price of a high-cost firm’s product variety will be higher. Using the obtained monopoly prices
and defining population size-adjusted aggregate domestic demand for non-exported northern i-cost
varieties XiN ≡ (
piN)
−σ
cNLNtn
i
it
P 1−σNt Lt
, the northern domestic profit flow can be written as
piiNt =
ciwNX
i
N
(σ − 1) γiN
Lt
nt
(i = H,L). (11)
The aggregate demand terms are constant over time in steady-state equilibrium since prices, con-
sumer expenditure and varitety shares are constant, Lt and LNt grow at the same rate gL and n
i
Nt
and P 1−σNt grow at the same rate g. In the profit expressions, the marginal cost terms c
i and the
elasticity of substitution σ are parameters, while the wage rate wN and the variety share γ
i
N are
constant over time in steady-state equilibrium. Therefore, profits only change over time in steady-
state equilibrium as the market size term Lt/nt changes over time. Population growth increases the
size of the market, while variety growth decreases the relevant market size for an individual firm.
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A northern firm that has learned how to export to the South earns the global profit flow
piiXt =
(
piN − ciwN
)
xiXtLNt +
(
pi∗N − τciwN
)
xi∗XtLSt, (i = H,L) where p
i
N is the price of the ex-
porter’s product variety in the domestic market, pi∗N the price of the same variety in the export
market, xiXt =
(
piN
)−σ
cN/P
1−σ
Nt is the quantity of the northern exporter’s product demanded by
the typical northern consumer and xi∗Xt =
(
pi∗N
)−σ
cS/P
1−σ
St is the quantity of the same product
variety demanded by the typical southern consumer. A northern exporter faces the same domes-
tic consumer demand and profit-maximizing considerations in the domestic market as the north-
ern firms that do not export. The exporter’s profit-maximizing price in the domestic market is
piN =
ciwN
α , same as for non-exporting northern firms. In the export market, a northern exporting
firm sets the profit-maximizing price pi∗N =
τciwN
α . Using the obtained prices and defining popula-
tion size-adjusted aggregate demand for northern exporters’ varieties in the domestic and export
market, respectively, as XiX ≡ (
piN)
−σ
cNLNtn
i
Xt
P 1−σNt Lt
and Xi∗X ≡ (
pi∗N)
−σ
cSLStn
i
Xt
P 1−σSt Lt
, the global profit flow of
a northern exporter can be written as
piiXt =
ciwN
(σ − 1)
(
XiX + τX
i∗
X
)
γiX
Lt
nt
, (i = H,L). (12)
Since XiX and X
i∗
X are constant over time, the profits of a northern exporter only change over time
because the market size Lt/nt changes over time.
The global profit flow for a foreign affiliate of marginal cost type i is piiF t =
(
piF − ciwS
)
xiF tLSt+(
pi∗F − τciwS
)
xi∗FtLNt, where p
i
F and p
i∗
F are the prices of a foreign affiliate variety in the South
and the North, respectively, xiF t =
(
piF
)−σ
cS/P
1−σ
St is the quantity of the foreign affiliate variety
demanded by the typical southern consumer and xi∗Ft =
(
pi∗F
)−σ
cN/P
1−σ
Nt the quantity of that
variety demanded by the typical northern consumer. Profit-maximizing monopoly prices can be
shown to be piF =
ciwS
α in the domestic market (the South) and p
i∗
F =
τciwS
α in the export market
(the North). The incentive for an exporter to become a multinational firm and move production to
the South is not market access, but to earn higher profits by lowering production cost. Therefore I
will solve for equilibria where the inequality condition wN > τwS holds so foreign affiliates export
back to the North and the parent firm in the North ceases to produce there. In Helpman et al
(2004), firms choose to enter into the foreign market either through exporting or through FDI.
Market access is driving (horizontal) FDI in their model since a multinational firm continues to
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serve the parent firm’s market via production at home.5 Using the profit-maximizing prices and
defining population size-adjusted aggregate demand for foreign affiliate varieties in the South and
the North, respectively, as XiF ≡ (
piF )
−σ
cSLStn
i
Ft
P 1−σSt Lt
and Xi∗F ≡ (
pi∗F )
−σ
cNLNtn
i
Ft
P 1−σNt Lt
, the global profit flow
for a foreign affiliate can be written as
piiF t =
ciwS
(σ − 1)
(
XiF + τX
i∗
F
)
γiF
Lt
nt
, (i = H,L). (13)
Once imitation has occurred, the blueprint is freely available to all southern firms. Southern
firms do not incur any imitation costs. A southern firm that uses high marginal cost technology
becomes a high marginal cost southern firm, and a southern firm that uses low marginal cost
technology becomes a low marginal cost southern firm. Southern firms do not need to engage in
export-learning. Instead, an imitated product variety can be immediately sold to the entire world
market. If only a few southern firms would export to the North, the risk of imitation for foreign
affiliates and exporters would be less severe, which is a weaker case than the one considered here.
No southern firm can set its price higher than marginal cost, and all southern firms earn zero
profits. The resulting prices are piS = c
iwS and p
i∗
S = τc
iwS . Population size-adjusted aggregate
demand for the imitated varieties produced by southern firms are defined as XiI ≡ (
piS)
−σ
cSLStn
i
It
P 1−σSt Lt
and Xi∗I ≡ (
pi∗S )
−σ
cNLNtn
i
It
P 1−σNt Lt
.
2.5 Technology for Innovation, FDI and Export-Learning
There is free entry into innovative R&D activities in the North, with every northern firm having
access to the same R&D technology. To innovate and develop a new product variety, a representative
northern firm j must devote aNg
β/nθt units of labor to innovative R&D, where aN is an innovative
R&D productivity parameter, nt is the disembodied stock of knowledge at time t and θ is an
intertemporal knowledge spillover parameter.6 The parameter β > 0 captures decreasing returns
to R&D at the industry level. When there is more innovation in the economy (the growth rate of
5The assumption that exporters always keep serving the domestic market in my model is the same as in Helpman
et al (2004). However, they assume that firms that engage in FDI serve the foreign market through the foreign affiliate
but do not export back to the host country. This assumption is relaxed in the working paper version of their paper
where they allow for export platform FDI. I assume that once a firm has successfully adapted production to a foreign
affiliate, the parent firm no longer produces the variety in the domestic market. Instead it is exported from the foreign
affiliate in the South to the northern market.
6For θ > 0, R&D labor becomes more productive as time passes and a northern firm needs to devote less labor to
develop a new variety as the stock of knoweldge increases. For θ < 0, R&D becomes more difficult over time.
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the number of varieties g is higher), each individual northern firm must devote more resources to
innovation in order to successfully develop one new product variety. In the following description of
the model, I set β = 1 which is within the range estimated by Kortum (1993).7 When firms decide
to invest (employ labor) in innovation, they do not know their own productivity for producing
output, only the probabilities for high and low marginal cost draws. Given this technology, the flow
of new products developed by northern firm j is
n˙jt =
lRjt
aNg/nθt
=
nθt lRjt
aNg
, (14)
where lRjt is the northern labor employed by firm j in innovative R&D. Aggregating over all northern
firms, the aggregate flow of new products developed in the North is
n˙t =
nθtLRt
aNg
, (15)
where LRt ≡
∑
j lRjt is the total amount of northern labor employed in innovative activities.
In any steady-state equilibrium, the share of labor employed in innovative R&D must be constant
over time. Given that the northern supply of labor grows at the population growth rate gL, northern
R&D employment LRt must grow at this rate as well. Dividing both sides of (15) by nt yields
g ≡ n˙t
nt
=
nθ−1t LRt
aNg
.
Since g is constant over time in any steady-state equilibrium, nθ−1t and LRt must grow at offsetting
rates, that is, (θ − 1) n˙tnt +
L˙Rt
LRt
= (θ − 1) g + gL = 0. It immediately follows that
g ≡ n˙t
nt
=
gL
1− θ . (16)
Thus, the steady-state rate of innovation g is pinned down by parameter values and is proportional
to the population growth rate gL. As in Jones (1995), when there is positive population growth,
the parameter restriction θ < 1 is needed to guarantee that the steady-state rate of innovation is
positive and finite.
I can now solve for the steady-state rate of economic growth. The representative northern
7Kortum (1993) estimates that 1/(1 + β) is between 0.1 and 0.6. β = 1 yields 1/(1 + β) = 0.5.
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consumer has utility uNt = cN/PNt and the representative southern consumer has utility uSt =
cS/PSt. In steady-state equilibrium, individual consumer expenditure is constant over time but
consumer utility nevertheless grows because the price indexes fall over time. Since P 1−σNt and P
1−σ
St
both grow over time at the rate g, it follows that consumer utility growth is
gu ≡ u˙Nt
uNt
=
u˙St
uSt
=
g
σ − 1 =
gL
(1− θ)(σ − 1) . (17)
With consumer utility in both regions being proportional to consumer expenditure holding prices
fixed, consumer utility growth equals real wage growth, which I use as a measure of economic
growth. The economic growth rate is completely pinned down by parameters of the model (the
population growth rate gL, the elasticity of substitution σ, and the knowledge spillover parameter
θ). This means that public policy changes like trade liberalization (a decrease in τ) or export
subsidies (a decrease in aX , as will be discussed later) have no effect on the steady-state rate of
economic growth, so growth is “semi-endogenous”.
In the unit labor requirement for innovation aNg/n
θ
t , the term 1/n
θ
t is a measure of absolute R&D
difficulty. It increases over time if θ < 0 and decreases over time if θ ∈ (0, 1). Following Jakobsson
and Segerstrom (2012), I define relative R&D difficulty as absolute R&D difficulty divided by the
market size term Lt/nt:
δ ≡ n
−θ
t
Lt/nt
=
n1−θt
Lt
.
From (16), it follows that relative R&D difficuly is constant over time in steady-state equilibrium.
As discussed earlier, the innovation rate g is constant in steady-state equilibrium, but a larger δ in
one steady-state compared to an earlier steady-state means that there has been more innovation in
the transition to the new steady-state, and that the stock of knowledge (number of varieties) has
increased permanently. In the short run, the rate of innovation increases, but in the long run, the
rate of innovation returns to its steady-state rate.
Export-learning R&D is undertaken after the firm knows its own productivity. To learn how
to export one product variety to the South, a northern firm of type i (i = H,L) must employ
aX
(
χi
)β
/nθt units of southern labor to export-learning R&D.
8 This kind of R&D can be thought
of as marketing and setting up distribution networks. The parameter aX is an exporting R&D
8I assume that southern labor is employed for northern firms’ export-learning activities. This facilitates comparison
between FDI activities and export-learning activities in the model.
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productivity parameter. As with innovation, β > 0 captures the decreasing returns to export-
learning R&D. When more firms learn how to become exporters (the rate of export-learning χi
is higher), each individual northern firm must devote more resourcers to successfully become an
exporter. To simplify calculations, I set β = 1. The flow of new products that southern consumers
can buy due to exporter j’s activities is given by
n˙iXjt + n˙
i
F jt + n˙
i
Ijt =
liXjt
aXχi/nθt
=
nθt l
i
Xjt
aXχi
, (i = H,L) (18)
where liXjt is the southern labor employed by firm j of marginal cost type i (i = H,L) in export-
learning R&D. Aggregating over all northern firms, the flow of new products sold in the South as
a consequence of export-learning activities is
n˙iXt + n˙
i
F t + n˙
i
It =
nθtL
i
Xt
aXχi
, (i = H,L) (19)
where LiXt ≡
∑
j l
i
Xjt is the total amount of southern labor employed in export-learning activities
by firms of marginal cost type i. Some exporters then go on to become multinational firms after
engaging in adaptive R&D, and some of these foreign affiliate-produced varieties become imitated
by southern firms. Therefore, the flows n˙iF t and n˙
i
It must be taken into account in the exported
product flow.
Adaptive R&D (or FDI) is undertaken by northern exporters. To learn how to produce an
exported variety in the South, the foreign affiliate of a northern exporting firm of marginal cost
type i must devote aF
(
φi
)β
/nθt units of southern labor to adaptive R&D. The parameter aF is
an adaptive R&D productivity parameter that is common to all firms and can be thought of as
measuring the ease of doing FDI in the South. There are decreasing returns also to adaptive R&D.
When northern exporters are doing more FDI (φi is higher), each individual exporting firm must
devote more resources to adaptive R&D in order to be successful in transferring production to a
foreign affiliate in the South. Again, I set β = 1. The flow of products that are transferred to the
South due to the adaptive R&D activities of firm j of marginal cost type i is
n˙iF jt + n˙
i
Ijt =
liF jt
aFφi/nθt
=
nθt l
i
F jt
aFφi
, (i = H,L) (20)
where liF jt is the southern labor employed by firm j of marginal cost type i in adaptive R&D.
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Aggregating over all foreign affiliates generates the product flow
n˙iF t + n˙
i
It =
nθtL
i
F t
aFφi
, (i = H,L) (21)
where LiF t ≡
∑
j l
i
F jt is the aggregate amount of southern labor employed in adaptive R&D by firms
of marginal cost type i.
Imitation targets foreign affiliates in the South. Let ιS ≡ 1/aI where aI is a measure of the
strength of southern IPR protection. With stronger southern IPR protection, the rate of imitation
is lower (aI ↑=⇒ ιS ↓).
2.6 R&D Incentives
At the time when firms decide how much innovation to engage in, they do not yet know their
own productivity but the firms know the probability of becoming a high-cost or a low-cost firm.
Denote the expected discounted profits associated with innovating in the North at time t for a firm
of marginal cost type i (i = H,L) by viNt. The R&D labor used to develop one new variety is
aNg/n
θ
t and the cost of developing this variety is wNaNg/n
θ
t . Taking into account the probability
of becoming a high- and low-cost producer, free entry into innovative R&D activities in the North
implies that the cost of innovating must be exactly balanced by the expected benefit from innovating
in equilibrium:
qvHNt + (1− q) vLNt =
wNaNg
nθt
. (22)
After successful innovation, a northern firm learns its productivity in manufacturing, produces
in the North and serves the northern market. The firm can then choose to do export-learning R&D
with the purpose of exporting to the southern market. Let viXt be the expected discounted profits
that an exporter of marginal cost type i (i = H,L) earns. The export-learning R&D needed for a
firm of marginal cost type i to learn how to export one product variety to the South is aXχ
i/nθt
and the cost of this export-learning is wSaXχ
i/nθt . The benefit from becoming an exporter is given
by viXt− viNt. Note that viNt must be subtracted since the expected discounted profits earned in the
domestic market are already included in viXt.
9 A firm of marginal cost type i will decide to become
an exporter if viXt − viNt ≥ wSaXχ
i
nθt
. If this holds with strict inequality, there will be infinite export
9There are no “pure exporters” in the model. All exporting firms also serve their domestic market.
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learning and if viXt − viNt < wSaXχ
i
nθt
, no northern firm will choose to become an exporter. Since the
cost of learning how to export must be exactly balanced by the benefit of exporting in steady-state
equilibrium, I obtain
viXt − viNt =
wSaXχ
i
nθt
, (i = H,L). (23)
Let viF t be the expected discounted profits that a foreign affiliate of marginal cost type i earns
from producing a product variety in the South. A northern exporter uses aFφ
i/nθt units of south-
ern labor to adapt production of a product variety to the South and the cost of this transfer is
wSaFφ
i/nθt . A northern exporter will choose to become a multinational firm if v
i
F t− viXt ≥ wSaFφ
i
nθt
.
For finite levels of adaptive R&D, this must hold with equality. The expected benefit from becoming
a multinational is the gain in expected profits, since the exporting firm is already earning profits
from producing in the North and serving both markets. The foreign affiliate pays its parent firm a
royalty payment viXt for using the technology that the parent firm has transferred to the South. In
steady-state equilibrium the cost of transferring production to the South must be exactly balanced
by the benefit, and therefore
viF t − viXt =
wSaFφ
i
nθt
, (i = H,L). (24)
There is a stock market in each region that channels household savings to firms that engage
in different kinds of R&D. There is no international capital mobility so northern savings finance
R&D in the North (innovation) and southern savings finance R&D in the South (export entry and
adaption). Households earn a safe return from holding the market portfolio in each region since
there is no aggregate risk. Ruling out any arbitrage opportunities, the total return on equity equals
the opportunity cost of invested capital, which is the risk-free market interest rate ρ.
The relevant no-arbitrage condition for a northern firm j of marginal cost type i (i = H,L) is
(
piiNt − wSliXjt
)
dt+ v˙iNtdt+
(
n˙iXjt + n˙
i
F jt + n˙
i
Ijt
)
dt
(
viXt − viNt
)
= ρviNtdt.
During the time interval dt, the northern firm earns the profit flow piiNtdt, but also incurs the
export-learning cost wSl
i
Xjtdt and experiences a gradual capital gain v˙
i
Ntdt. In the time interval
dt, the firm is responsible for introducing
(
n˙iXjt + n˙
i
F jt + n˙
i
Ijt
)
dt varieties to the southern market
as a result of its export-learning activities. When the firm is successful in becoming an exporter,
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its market value jumps up by viXt − viNt. To rule out any arbitrage opportunities for investors, the
rate of return for a northern firm must be the same as the return on an equal sized investment in
a risk-free bond ρviNtdt. From (18) and (23), it follows that
(
n˙iXjt + n˙
i
F jt + n˙
i
Ijt
) (
viXt − viNt
)
= wSl
i
Xjt.
Equation (22) implies that viNt must grow at the rate −θg. Using this and dividing by viNtdt, the
no-arbitrage condition for the i-cost northern firm becomes
piiNt
viNt
−θg = ρ, or viNt = pi
i
Nt
ρ+θg . Combining
this expression with (22), the northern no-arbitrage condition can be written as
qpiHNt + (1− q)piLNt
ρ+ θg
=
wNaNg
nθt
. (25)
The left-hand side is the expected discounted profit from innovating, taking into account the prob-
ability of becoming a high-cost firm, appropriately discounted by the market interest rate ρ and
the capital loss term θg. The right-hand side is the cost of innovating. Inserting the earlier derived
profit expressions into (25), dividing both sides by wN and then by the market size term Lt/nt
yields the northern steady-state no-arbitrage condition
1
σ−1
(
qcHXHN
γHN
+
(1−q)cLXLN
γLN
)
ρ+ θg
= aNgδ. (26)
The left-hand side of (26) is the market size-adjusted expected benefit from innovating (taking into
account the probability of becoming a high-cost producer) and the right-hand side is the market
size-adjusted cost of innovating. As long as the population growth rate differs from the growth rate
of the number of varieties (gL 6= g) and there are knowledge spillovers (θ 6= 0), the market size Lt/nt
changes over time and I need to adjust for that in the steady-state calculations. The market size-
adjusted benefit from innovating is higher when the average consumer buys more of non-exported
northern varieties (XiN ↑ where i = H,L), future profits are less heavily discounted (ρ ↓), and
northern firms experience smaller capital losses over time (θg ↓). The market size-adjusted cost
of innovating is higher when northern researchers employed in innovative R&D are less productive
(aN ↑), innovating is relatively more difficult (δ ↑) and the innovation rate is higher (g ↑), because
then each northern firm must hire more researchers to be successful in developing a new product
22
variety.
For a northern exporter j of marginal cost type i, the relevant no-arbitrage condition is
(
piiXt − wSliF jt
)
dt+ v˙iXtdt+
(
n˙iF jt + n˙
i
Ijt
)
dt
(
viF t − viXt
)
= ρviXtdt.
During the time interval dt, the exporter earns the profit flow piiXtdt, incurs the FDI cost wSl
i
F jtdt
and experiences the gradual capital gain v˙iXtdt. In the time interval dt, the exporter is successful
in transferring prodution of
(
n˙iF jt + n˙
i
Ijt
)
dt varieties to the South. The firm’s market value jumps
up by viF t− viXt when it is successful in moving production to the South. As seen for non-exporting
firms, the rate of return for a northern exporting firm must be the same as the return on an equal
sized investment in a risk-free bond ρviXtdt to rule out any arbitrage opportunities for investors.
From (20) and (24), it follows that
(
n˙iF jt + n˙
i
Ijt
) (
viF t − viXt
)
= wSl
i
F jt.
Also, from (23), it follows that
v˙iXt
viXt
= −θg. Thus, after dividing by viXtdt, the no-arbitrage condition
simplifies to viXt =
piiXt
ρ+θg . Combining this with (23) yields the northern exporter no-arbitrage
conditions
piiXt
ρ+ θg
− pi
i
Nt
ρ+ θg
=
wSaXχ
i
nθt
, (i = H,L) (27)
where the left-hand side is the increase in expected discounted profits from becoming an exporter
and the right-hand side is the export-learning cost. Substituting for piHXt and pi
L
Xt using (12) and
dividing both sides by wS and the market size term Lt/nt yields the steady-state northern exporter
no-arbitrage conditions
ciw
σ − 1
 XiX+τXi∗XγiX − XiNγiN
ρ+ θg
 = aXχiδ, (i = H,L) (28)
where w = wN/wS is the northern relative wage. The left-hand side of (28) is the market size-
adjusted benefit from becoming an exporter, and the right-hand side is the market size-adjusted
cost of learning how to export to the South (for a high-cost and a low-cost firm). The market
size-adjusted benefit from becoming an exporter is higher when the average consumer buys more
of exported varieties (XiX + τX
i∗
X ↑), future profits are less heavily discounted (ρ ↓) and northern
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exporters experience smaller capital losses over time (θg ↓). The market size-adjusted cost of
learning how to export is higher when workers employed in export entry-related activites in the
South are less productive (aX ↑) and export-learning is relatively more difficult (δ ↑). Also, when
export-learning is occuring at a faster rate (χi ↑), each individual firm needs to hire more labor in
order to be successful in exporting to the southern market.
A foreign affiliate j of marginal cost type i faces the no-arbitrage condition
piiF tdt+ v˙
i
F tdt− (ιSdt) viF t = ρviF tdt.
In the time interval dt the foreign affiliate earns the profit flow piiF tdt and experiences a gradual
capital gain v˙iF tdt. However, it is exposed to a positive rate of imitation by southern firms and
experiences a total capital loss if it is imitated, which occurs with the probability ιSdt during the
time interval dt. From (24), it follows that
v˙iFt
viFt
= −θg, so after dividing the no-arbitrage condition
by viF tdt, I obtain v
i
F t =
piiFt
ρ+θg+ιS
. Combining this with (24) yields
piiF t
ρ+ θg + ιS
− pi
i
Xt
ρ+ θg
=
wSaFφ
i
nθt
, (i = H,L) (29)
where the left-hand side of (29) is the increase in expected discounted profits from moving production
to the South and the right-hand side is the adaptive R&D cost. The expected profits of the foreign
affiliate are discounted by the market interest rate ρ, the capital loss term θg and the imitation rate
ιS . Substituting for pi
i
Xt using (12) and for pi
i
F t using (13), and then dividing both sides by wS and
the market size term Lt/nt, yields the foreign affiliate steady-state no-arbitrage conditions
ci
σ − 1
 X
i
F+τX
i∗
F
γiF
ρ+ θg + ιS
−
w(XiX+τX
i∗
X )
γiX
ρ+ θg
 = aFφiδ, (i = H,L). (30)
The left-hand side is the market size-adjusted benefit from becoming a multinational firm, and the
right-hand side is the corresponding market size-adjusted cost of FDI. The market size-adjusted
benefit is higher when the average consumer buys more of foreign affiliate varieties (XiF + τX
i∗
F ↑),
future profits are less heavily discounted (ρ ↓), foreign affiliates experience smaller capital losses
over time (θg ↓) and foreign affiliates are exposed to a lower imitation rate (ιS ↓). The market
size-adjusted cost is higher when workers employed in adaptive R&D are less productive (aF ↑),
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adaption is relatively more difficult (δ ↑), and when more FDI occurs (φi ↑).
2.7 Labor Markets
Northern labor is employed in innovative R&D, production in high-cost and low-cost firms serving
the domestic market and in high-cost and low-cost exporting firms that serve both the domestic
and the foreign market. Each innovation requires aNg/n
θ
t units of northern labor for innovative
R&D. There are n˙t varieties developed at time t, so total employment in innovative R&D at time
t is aNg
nθt
n˙t = aNg
n1−θt
Lt
n˙t
nt
Lt = aNg
2δLt. Each consumer in the North demands x
i
Nt units of output
of a northern variety of type i, (i = H,L). There are LNt northern consumers. For a high-cost
firm, cH units of labor are required to produce 1 unit of output. For a low-cost firm, cL units of
labor are required to produce 1 unit of output. Given consumer demand, each variety produced
for the northern market requires cixiNtLNt =
ci(piN)
−σ
cNLNt
P 1−σNt
units of labor and there are niNt such
varieties. Aggregate demand for northern labor from production of i-type varieties is therefore
cixiNtLNtn
i
Nt =
ci(piN)
−σ
cNLNtn
i
Nt
P 1−σNt
= ciXiNLt. For exporting firms, aggregate demand for northern
labor is cixiXtLNtn
i
Xt + τc
ixi∗XtLStn
i
Xt =
ci(piN)
−σ
cNLNtn
i
Xt
P 1−σNt
+
τci(pi∗N)
−σ
cSLStn
i
Xt
P 1−σSt
=
(
XiX + τX
i∗
X
)
ciLt.
As LNt denotes the supply of labor in the North, full employment of labor requires that LNt =
Lt
[
aNg
2δ +
∑
i=H,L c
iXiN + c
i
(
XiX + τX
i∗
X
)]
. Evaluating at time t = 0 yields the steady-state full
employment of labor condition for the North:
LN0 = L0
aNg2δ + ∑
i=H,L
ciXiN + c
i
(
XiX + τX
i∗
X
) . (31)
Southern labor is employed in adaptive R&D, export-learning R&D, production by foreign af-
filiates and production by southern firms that have imitated foreign affiliates. For each exported
northern product variety, aXχ
i/nθt units of southern labor are employed in export-learning R&D.
There are n˙iXt+n˙
i
F t+n˙
i
It i-type varieties that start to become exported at time t, so total employment
in export-learning R&D by i-type firms is aXχ
i
nθt
(n˙iXt+n˙
i
Ft+n˙
i
It)
niNt
niNt
nt
nt
Lt
Lt = aXδ
(
χi
)2
γiNLt. For each
product variety that is adapted to the production conditions of the South, aFφ
i/nθt units of south-
ern labor are employed in adaptive R&D. There are n˙iF t + n˙
i
It varieties adapted at time t, so total
southern employment in adaptive R&D by i-type firms is aFφ
i
nθt
(n˙iFt+n˙
i
It)
niXt
niXt
nt
nt
Lt
Lt = aF δ
(
φi
)2
γiXLt.
Each foreign affiliate-produced variety of type i requires
ci(piF )
−σ
cSLStn
i
Ft
P 1−σSt
+
τci(pi∗F )
−σ
cNLNtn
i
Ft
P 1−σNt
=
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[
XiF + τX
i∗
F
]
ciLt units of labor. Similarly, labor demand from production in southern imitating
firms of type i is
[
XiI + τX
i∗
I
]
ciLt. As LSt denotes the supply of labor in the South, full employ-
ment requires that LSt = Lt
[∑
i=H,L aXδ
(
χi
)2
γiN + aF δ
(
φi
)2
γiX +
(
XiF + τX
i∗
F +X
i
I + τX
i∗
I
)
ci
]
.
Evaluating at time t = 0, I obtain the steady-state full employment of labor condition for the South:
LS0 = L0
 ∑
i=H,L
aXδ
(
χi
)2
γiN + aF δ
(
φi
)2
γiX +
(
XiF + τX
i∗
F +X
i
I + τX
i∗
I
)
ci
 . (32)
2.8 Aggregate Demand
To solve the model, I need steady-state values for the aggregate demand terms XiN , X
i
X , X
i∗
X , X
i
F ,
Xi∗F , X
i
I and X
i∗
I . I start by expressing aggregate demand for i-type varieties in terms of X
i
F and
Xi∗F .
Solving for the ratio XiN/X
i∗
F yields
XiN
Xi∗F
=
(piN)
−σ
cNLNtn
i
Nt
P 1−σNt Lt
(pi∗F )
−σ
cNLNtn
i
Ft
P 1−σNt Lt
=
(
piN
pi∗F
)−σ
niNt/nt
niF t/nt
=
(
ciwN
α
τciwS
α
)−σ  qi gg+χi
qi χ
i
g+χH
φi
g+φi
g
g+ιS
 ,
from which it follows that
XiN = X
i∗
F
(w
τ
)−σ (g + φi) (g + ιS)
χiφi
, (i = H,L). (33)
By doing similar calculations looking at other ratios, I obtain that
XiX = X
i∗
F
(w
τ
)−σ g + ιS
φi
, (i = H,L) (34)
Xi∗X = X
i
F (wτ)
−σ g + ιS
φi
, (i = H,L) (35)
XiI = X
i
F
(
1
α
)σ ιS
g
, (i = H,L) (36)
and
Xi∗I = X
i∗
F
(
1
α
)σ ιS
g
, (i = H,L). (37)
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Finally, I can express XHF and X
H∗
F in terms of X
L
F and X
L∗
F by solving for the ratios
XHF
XLF
=
(pHF )
−σ
cSLStn
H
Ft
P 1−σSt Lt
(pLF )
−σ
cSLStn
L
Ft
P 1−σSt Lt
=
(
pHF
pLF
)−σ
nHFt/nt
nLFt/nt
=
(
cHwS
α
cLwS
α
)−σ
γHF
γLF
=
(
cH
cL
)−σ
γHF
γLF
and
XH∗F
XL∗F
=
(pH∗F )
−σ
cNLNtn
H
Ft
P 1−σNt Lt
(pL∗F )
−σ
cNLNtn
L
Ft
P 1−σNt Lt
=
(
pH∗F
pL∗F
)−σ
nHFt/nt
nLFt/nt
=
(
τcHwS
α
τcLwS
α
)−σ
γHF
γLF
=
(
cH
cL
)−σ
γHF
γLF
.
Using steady-state variety share expressions, I obtain
XHF = X
L
F
(
cH
cL
)−σ (
q
1− q
)(
g + χL
g + χH
)(
χH
χL
)(
g + φL
g + φH
)(
φH
φL
)
, (38)
XH∗F = X
L∗
F
(
cH
cL
)−σ (
q
1− q
)(
g + χL
g + χH
)(
χH
χL
)(
g + φL
g + φH
)(
φH
φL
)
. (39)
2.9 Asset Ownership and Consumer Expenditure
Long-run consumer welfare is determined by consumer expenditures cN and cS and the price indexes
PNt and PSt. Consumers earn income from working and from earning a return on asset holdings
in firms that engage in R&D. I assume that R&D done in the North is financed by northern
household savings and R&D done in the South is financed by southern household savings. In
equilibrium, northern firms that are only active in the domestic market will be fully owned by
northern consumers while exporting firms and foreign affiliates will be owned jointly by northern
and southern consumers.
Denote aggregate northern assets by ANt and aggregate southern assets by ASt. The aggregate
value of all financial assets is At = ANt+ASt =
∑
i=H,L n
i
Ntv
i
Nt+n
i
Xtv
i
Xt+n
i
F tv
i
F t. Aggregate south-
ern assets are ASt =
∑
i=H,L
(
niXt + n
i
F t
) (
viXt − viNt
)
+niF t
(
viF t − viXt
)
=
∑
i=H,L n
i
Xt
(
viXt − viNt
)
+
niF t
(
viF t − viNt
)
. From (23) and (24), it follows that
viF t − viNt =
wSaFφ
i
nθt
+
wSaXχ
i
nθt
, (i = H,L).
Substituting into the expression for ASt using the obtained expressions for v
H
Ft− vHNt and vLFt− vLNt,
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the values of exporting firms (23), steady-state variety shares (8) and (9) along with the definition
of relative R&D difficulty δ yields
ASt = wSLtδ
 ∑
i=H,L
γiXaXχ
i + γiF
(
aFφ
i + aXχ
i
) . (40)
Aggregate northern assets are ANt =
∑
i=H,L
(
niNt + n
i
Xt + n
i
F t
)
viNt. Substituting into this
expression using northern firm values viNt = pi
i
Nt/ (ρ+ θg) and profit expressions from (11) yields
ANt =
wNLt
(σ − 1) (ρ+ θg)
 ∑
i=H,L
ciXiN
γiN + γ
i
X + γ
i
F
γiN
 . (41)
The intertemporal budget constraint of the typical consumer in region k (k = N,S) is a˙kt =
wk + ρakt − ck − gLakt, where individual assets are denoted by akt = Akt/Lkt. In any steady-
state equilibrium, a˙kt/akt = 0 since wages wk and consumer expenditures ck are constant over
time. Individual steady-state consumer expenditure for the typical consumer is therefore ck =
wk+(ρ− gL) akt. Combining the intertemporal budget constraint of the typical consumer in steady-
state equilibrium with the derived aggregate assets in each region (40) and (41) and evaluating at
time t = 0 yields steady-state consumer expenditures
cS = wS + (ρ− gL)wSδ L0
LS0
 ∑
i=H,L
γiXaXχ
i + γiF
(
aFφ
i + aXχ
i
) (42)
and
cN = wN +
(ρ− gL)wN
(σ − 1) (ρ+ θg)
L0
LN0
 ∑
i=H,L
ciXiN
γiN + γ
i
X + γ
i
F
γiN
 . (43)
Having specified the ownership of firms and derived steady-state consumer expenditures cN and
cS , I can derive the final steady-state condition. This steady-state asset condition is found by
taking the ratio XL∗F /X
L
F , substituting equilibrium prices p
L
F = c
LwS/α and p
L∗
F = τc
LwS/α and
evaluating at time t = 0, which yields
XL∗F
XLF
=
(
1
τ
)σ cNLN0
cSLS0
P 1−σSt
P 1−σNt
. (44)
Thus, solving the model for a steady-state equilibrium reduces to solving a system of 8 equations
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((26), (28) for i = H and i = L, (30) for i = H and i = L, (31), (32) and (44)) in 8 unknowns (w, δ,
χL, χH , φL, φH , XLF and X
L∗
F ) , where the 8 equations are: five R&D conditions (innovation, two
export-learning, two FDI), two labor market conditions (North and South) and one asset condition.
3 Numerical Results - PRELIMINARY
3.1 Parameters
The system of 8 equations in 8 unknowns is solved numerically. I calibrate the model to fit the world
prior to the signing of the TRIPS agreement, in 1990, and after its implementation, in 2005. The
following benchmark parameter values are used in the calibration: ρ = 0.07, α = 0.714, gL = 0.014,
θ = 0.72, LN0 = 1, LS0 = 2, τ = 1.54 for 1990 and τ = 1.33 for 2005, q = 0.7, c
H = 1, cL = .612,
aN = 1, aX = 4.8, aF = 23.1, aI = 4 for 1990 and aI = 38.5 for 2005.
The subjective discount rate ρ is set at 0.07 to reflect a real interest rate of 7 percent, consistent
with the average real return on the US stock market over the 20th century (Mehra and Prescott,
1985). The measure of product differentiation α determines the markup of price over marginal cost
1/α. It is set at 0.714 to generate a northern markup of 40 percent, which is within the range of
estimates from Basu (1996) and Norrbin (1993). The parameter gL is set at 0.014 to reflect a 1.4
percent population growth rate. This was the average annual world population growth rate during
the 1990s according to the World Development Indicators (World Bank, 2011). The steady-state
economic growth rate is calculated from gu = gL/ ((σ − 1) (1− θ)). In order to generate a steady-
state economic growth rate of 2 percent, consistent with the average US GDP per capita growth
rate from 1950 to 1994 (Jones, 1995), the R&D spillover parameter θ is set at 0.72. When 0 < θ < 1
knowledge spillovers are positive but weak. Since only the ratio LN0/LS0 matters, I set LN0 = 1
and LS0 = 2 so LN0/LS0 equals the ratio of working-age population in high-income countries to
that in middle-income countries (World Bank, 2003).
During the time period 1990-2005 when the TRIPS agreement was being implemented, North-
South trade costs were falling. I use the micro-founded measure of bilateral trade costs developed by
Novy (2013) that indirectly infers trade frictions from observable trade data. By linear extrapolation
of the bilateral trade cost estimates between the US and Mexico in 1970 and 2000, I obtain a tariff-
equivalent of 54 percent for 1990 (τ = 1.54) and 33 percent in 2005 (τ = 1.33).
It is only the relative productivity advantage of low-cost firms over high-cost firms that matter,
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so I normalize cH = 1. Helpman et al (2004) find that, for US firms, the productivity advantage
of exporters over domestic firms is 0.388 (and the productivity advantage of multinationals over
domestic firms is 0.537). Consistent with this evidence, I set cL = 1− 0.388 = 0.612.
Remaining parameters are the R&D productivity parameters aN (innovation), aX (export-
learning) and aF (adaption). I also need to set the parameter aI that is the measure of southern
IPR protection (the imitation rate of foreign affiliate varieties is given by ιS = 1/aI) and the proba-
bility q for drawing a high marginal cost. First, since only the relative difference between the R&D
productivity parameters matters, I can normalize aN = 1. I set aI = 4 in the 1990 benchmark so
that one in four foreign affiliate varieties are imitated in 1990. I set aI = 38.5 in 2005 to ensure
that the model is consistent with the evidence of a ten-fold increase in the FDI inflow to developing
countries between 1990 and 2005 (UNCTAD, 2011). FDI inflow is the total amount of researchers
employed in adaptive R&D (LHF0 + L
L
F0) multiplied by the wage rate paid to these workers (wS).
From (21), I derive steady-state FDI expenditure by firms of marginal cost type i
LiF0 =
(
φi
)2
γiXδaFL0, (i = H,L),
where the southern wage rate has been normalized to 1 (wS = 1). Total FDI spending is LF0 =
LHF0 + L
L
F0 =
(
φH
)2
γHX δaFL0 +
(
φL
)2
γLXδaFL0. In 1990, the FDI inflow to developing countries
(including transition economies) was 34.9 billion US dollars and in 2005 that FDI inflow was 363.4
billion US dollars (UNCTAD, 2011). This represents a roughly ten-fold increase in the FDI inflow
to developing countries measured in current prices. Adjusting the FDI inflow in 1990 for population
growth and inflation from 1990 to 2005 generates an expected FDI inflow of 59.7 billion US dollars
for 2005.10 The ratio of the observed FDI inflow to this expected FDI inflow yields a six-fold increase
in my measure of FDI inflow during the time period 1990-2005 that can be attributed to policy
changes (lower τ and higher aI). Consistent with this evidence, I set aI = 38.5 in 2005 to ensure that
the model generates a six-fold increase in LHF0 + L
L
F0 from 1990 to 2005. (In the 1990 benchmark,
LHF0 + L
L
F0 = .01745. Setting aI = 38.5 in the 2005 benchmark generates L
H
F0 + L
L
F0 = .10470.)
When calibrating the model, I need to match the stylized fact that a majority of firms do not
10From 1990 to 2005, the US GDP implicit price deflator increased by 38.4 percent (Federal Reserve Bank of St
Louis, 2011). During the same time period, the world population grew by 23.4 percent using the 1.4 percent annual
population growth rate. Multiplying the observed FDI inflow in 1990 by the population growth and inflation over the
period generates the expected FDI inflow in 2005 in the absence of any policy changes.
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export. In particular, Bernard et al (2003) find that 79 per cent of US plants do not export any
of their output. I set the probability of a high marginal cost draw q = 0.7 and the export-learning
productivity parameter aX = 4.8 to ensure that the model generates a variety share of 79 per cent
for non-exporting northern firms while northern consumer expenditure is twice as large as southern
consumer expenditure in the 1990 benchmark (cN/cS = 2). This is consistent with the observed
average US-Mexico consumption share adjusted GDP per worker ratio during the time period 1990-
2005 (Heston, Summers and Aten, 2011). Finally, I set the FDI productivity parameter aF = 23.1
to ensure that the model generates a foreign affiliate share in world GDP near 5 per cent in 1990.11
This is consistent with that, in 1990, foreign affiliate value added (product) as share of world GDP
was 4.6 percent12 (UNCTAD, 2012).
3.2 Results
3.2.1 Average Productivity for Non-Exporters, Exporters and Multinational Firms
I solve the model numerically using the parameter values discussed in Section 3.1. The pre-TRIPS
1990 benchmark and the post-TRIPS 2005 benchmark are presented in Columns 1 and 2 of Table 1.
The stylized facts that emerge from Bernard et al (2003) and Bernard et al (2007), among others,
are that multinationals are on average more productive than exporters and that exporters are on
average more productive than non-exporters. The model generates a pattern that is consistent
with this. The export-learning rate of northern firms is higher for low-cost firms than for high-cost
firms (χL > χH in both 1990 and 2005). Also, the rate of FDI is higher for low-cost firms than
for high-cost firms (φL > φH in both 1990 and 2005). Therefore, the share of high-productivity
firms is higher for exporting northern firms than for non-exporting northern firms, and the share of
high-productivity firms is higher for multinational firms than for northern exporters. In particular,
in 1990, γLN/(γ
H
N + γ
L
N ) = .241, γ
L
X/(γ
H
X + γ
L
X) = .484 and γ
L
F /(γ
H
F + γ
L
F ) = .762.
11Foreign affiliate share in world GDP is measured by
(
XLF +X
H
F
)
/
[∑
i=H,LX
i
N +X
i
X +X
i
F +X
i
I
]
.
12Value added (product) of foreign affiliates in 1990 was 1,018 billion US dollars and world GDP was 22,206
billion US dollar, measured in 2012 US dollar (UNCTAD, 2012). As mentioned in Antras and Helpman (2008) using
UNCTAD data, in 2000, about 10 percent of world GDP was accounted for by foreign affiliates, leaving out the value
added generated by parent firms. The pre-crisis average in 2005-2007 for this ratio was also 10 per cent (UNCTAD
2012), indicating a slow-down in FDI spending.
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3.2.2 TRIPS Agreement and Trade Liberalization
Going from the 1990 to the 2005 benchmark (with trade liberalization and stronger southern IPR
protection to comply with TRIPS), exporting increases (χL ↑ and χH ↑) and FDI increases (φL ↑
and φH ↑). Overall, there is a geographical redistribution of production from the North to the
South (γHN + γ
L
N + γ
H
X + γ
L
X decreases from .973 to .932 and γ
H
F + γ
L
F + γ
H
I + γ
L
I increases from .027
to .068). In the post-TRIPS scenario, the share of non-exporting firms in the North is smaller (the
share of non-exporters decrease from .790 to .743). More northern firms have learned to export,
but among northern exporters, the share of world production done by low-cost firms is lower (γLX
decreases from .089 to .081) and the corresponding share of high-cost (less productive) firms is
higher (γHX increases from .094 to .109). The low-cost firms to a larger extent went on to become
multinational firms, whereas high-cost firms remain as exporters (keep producing in the North and
serve the southern market via exports). In the post-TRIPS 2005 benchmark, foreign affiliates are
more important in the world economy as seen by the increase in the share of varieties that are
produced in foreign affiliates (γLF + γ
H
F increases from .004 to .045) and the large increase in foreign
affiliate value-added in world GDP from .042 to .264.
Going from the 1990 to the 2005 benchmark, southern consumer welfare is improved (uS0 in-
creases from 123.3 to 156.4) but northern consumer welfare is worsened (uN0 decreases from 343.9
to 335.0). To understand these welfare changes, I solve the model for two counterfactual scenarios.
In the first counterfactual, presented in Column 3 of Table 1, trade costs are assumed to be at
their 1990 level, but IPR protection is set at its post-TRIPS 2005 level. This would have been
the case if TRIPS had not been accompanied by any trade liberalization. Stronger IPR protection
leads to a faster rate of FDI for both high-cost and low-cost firms in the North (φL increases from
.0117 to .0335 and φH increases from .0034 to .0098). Stronger IPR protection does not encourage
export-learning (the share of non-exporters in the North remains at .790 and the export learning
rates remain the same), but it encourages the northern firms that are already exporting to go on to
become multinational firms. Low-cost firms respond more to stronger southern IPR protection by
transferring production to the South (γLX decreases from .089 to .065 and γ
L
F increases from .003 to
.029 while γHX decreases from .094 to .084 and γ
H
F increases from .001 to .011).
Consumer welfare is measured by uN0 = cN/PN0 and uS0 = cS/PS0, respectively. With stronger
southern IPR protection, consumer welfare is improved in both regions (uN0 increases from 343.9 to
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367.3 and uS0 increases from 123.3 to 160.1). Southern consumer expenditure is higher (cS increases
from 1.028 to 1.071) and the southern price index is lower (PS0 decreases from .008 to .007), which
contributes to higher long-run consumer welfare. For northern consumers, consumer expenditure is
actually lower (cN decreases from 2.056 to 1.783) but this is dominated by the effect of the lower
price index (PN0 decreases from .006 to .005). There is a geographical redistribution of production
from the North to the South as less production is done by northern exporters, and more production
is done by foreign affiliates in the South. This has two effects on consumer welfare. First, more
production taking place in the lower-wage South translates to lower product prices. Second, labor
resources are freed up from production by exporting firms, which puts downward pressure on the
northern wage rate (wN/wS decreases from 1.782 to 1.533) and this lowers the cost of innovation.
Therefore, there is more innovation (δ increases from 19.08 to 20.12) and the resulting increase in
invented varieties benefits consumers in both regions.
In the second counterfactual presented in Column 4 of Table 1, trade costs are set at their 2005
level but IPR protection is the same as in the 1990 benchmark. This would have been the case if
trade liberalization had occurred between 1990 and 2005 without being accompanied by any stronger
southern IPR protection. Overall, the share of non-exporters in the North is lower when trade costs
are lower (from .790 to .744). Lower trade costs leads to higher exporting rates (χL increases from
.0286 to .0376 and χH increases from .0084 to .0111). Consequently, there is a redistribution of
variety shares from northern non-exporters to northern exporters (γLN decreases from .191 to .171
and γHN decreases from .599 to .573 while γ
L
X increases from .089 to .107 and γ
H
X increases from
.094 to .120). As a result of trade liberalization, the rate of FDI is lower for both types of firms
(φL decreases from .0117 to .0101 and φH decreases from .0034 to .0030). However, since there are
more exporters that have the option to become multinationals, the variety shares of foreign affiliates
increase slightly. Surprisingly, consumer welfare in both regions is worsened by trade liberalization
(uN0 decreases from 343.9 to 313.7 and uS0 decreases from 123.3 to 118.9). Consumer expenditure
is higher in both regions (cN increases from 2.056 to 2.062 and cS increases from 1.028 to 1.041).
This is because the market value of asset holdings in exporting firms increase, benefitting consumers
in both regions that jointly own exporting northern firms. Northern consumers also benefit from a
higher relative wage (wN/wS increases from 1.782 to 1.805). Trade liberalization draws resources
into production by exporting firms in the North, which puts upward pressure on the northern wage
rate, thus making innovation more costly. This results in less innovation (δ decreases from 19.08 to
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(1) (2) (3) (4) (5) (6)
1990 2005 aI ↑ τ ↓ aX ↓ aF ↓
τ = 1.54 τ = 1.33 τ = 1.54 τ = 1.33 τ = 1.54 τ = 1.54
aI = 4 aI = 38.5 aI = 38.5 aI = 4 aI = 4 aI = 4
wN/wS 1.782 1.524 1.533 1.805 1.805 1.631
δ 19.08 18.67 20.12 17.69 18.61 19.24
φL .0117 .0299 .0335 .0101 .0092 .0160
φH .0034 .0088 .0098 .0030 .0027 .0047
χL .0286 .0380 .0287 .0376 .0551 .0282
χH .0084 .0112 .0084 .0111 .0162 .0083
γLN .191 .170 .191 .171 .143 .192
γHN .599 .572 .599 .573 .529 .601
γLX .089 .081 .065 .107 .133 .082
γHX .094 .109 .084 .120 .163 .091
γLF .003 .032 .029 .004 .004 .004
γHF .001 .013 .011 .001 .001 .001
γLI .017 .017 .015 .018 .020 .022
γHI .005 .007 .006 .006 .007 .007
ιS .25 .026 .026 .25 .25 .25
LLF0 .016 .094 .103 .013 .014 .012
LHF0 .001 .011 .011 .001 .002 .001
Non-exp. .790 .743 .790 .744 .671 .792
FA in VA .042 .264 .266 .042 .042 .042
cN 2.056 1.754 1.783 2.062 2.074 1.882
cS 1.028 1.081 1.071 1.041 1.033 1.026
cN/cS 2.000 1.622 1.665 1.981 2.007 1.834
PN0 .006 .005 .005 .007 .006 .005
PS0 .008 .007 .007 .009 .008 .008
PN0/PS0 .717 .757 .726 .751 .786 .721
uN0 343.9 335.0 367.3 313.7 333.3 346.8
uS0 123.3 156.4 160.1 118.9 130.5 136.4
Table 1: Pre- and post-TRIPS benchmarks and four counterfactual scenarios. (1) 1990 benchmark,
(2) 2005 benchmark (trade liberalization and stronger IPR protection), (3) Counterfactual with
stronger IPR protection without trade liberalization, (4) Counterfactual with trade liberalization
without stronger IPR protection, (5) Counterfactual with same parameter values as 1990 benchmark
except lower export learning cost, aX = 2, (6) Counterfactual with same parameter values as 1990
benchmark except lower cost of FDI, aF = 10. Non-exp. is the share of non-exporting firms. FA in
VA is foreign affiliate share of world value added (GDP).
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17.69). Consumers are worse off since northern product varieties are more expensive and because
there is less product variety in the long run (PN0 increases from .006 to .007 and PS0 increases from
.008 to .009).
3.2.3 Lower Costs of Export-Learning and FDI
I can also study the response to a decrease in the cost of export-learning for northern firms (a de-
crease in the export-learning productivity parameter aX). The results from setting aX = 2 (instead
of the benchmark aX = 4.8) are presented in Column 5 of Table 1. In response to the activity
being less costly, the rates of export-learning are higher (χL increases from .0286 to .0551 and χL
increases from .0084 to .0162). The share of northern non-exporters decrease from .790 to .671 and
the variety shares of northern exporters increase (γLX increases from .089 to .133 and γ
H
X increases
from .094 to .163). With a lower export-learning cost, the incentives for exporting are stronger, but
the incentives to engage in FDI once the firm has become an exporter remains the same, and hence
the FDI rates are slightly lower in equilibrium (φL decreases from .0117 to .0092 and φH decreases
from .0034 to .0027). Interestingly, as a result of lower export-learning costs in the North, northern
consumers are worse off (uN0 decreases from 343.9 to 333.3) but southern consumers are better off
(uS0 increases from 123.3 to 130.5). The redistribution of production towards northern exporters
leads to higher long-run consumer expenditure in both regions by increasing the market value of
northern exporting firms (cN and cS increases) but also less innovation (a lower δ). Less product
variety affects consumers in both regions negatively, but in this case the benefit for southern con-
sumers from being able to purchase more product varieties as more northern varieties are exported
from the North to the South outweighs the negative effect of less innovation. When more northern
firms export, it benefits the South since a larger share of invented products are made available to
southern consumers.13
Finally, I can study the response to a decrease in the cost of FDI (a decrease in the FDI
productivity parameter aF ). The results from setting aF = 10 (instead of the benchmark aF = 23.1)
can be found in Column 6 of Table 1. With less costly FDI, there is a decrease in total FDI spending
(for the parameter values chosen, LHF0 +L
L
F0 decreases from .017 to .013). Lowering the cost of FDI
leads to an increase in the rates of FDI, but a slight decrease in the rates of export-learning. The
13In the model, southern product varieties are imitations of products invented in the North. There are no export-
learning costs for southern firms. All southern firms immediately export to the North, so there are no variety gains
from trade in the North from gaining access to “new goods”.
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share of non-exporters remains roughly the same, but a larger share of exporters choose to become
multinationals. Low-cost firms respond more than high-cost firms to the decrease in the cost of
FDI (in this example, γLX decrease from .089 to .082 and γ
H
X decrease from .094 to .091 while γ
L
F
increases from .003 to .004 and γHF remains at .001). In response to a lower FDI cost, there is a
geographical redistribution of production from the North to the South as less production is done by
northern exporting firms and more production is done by foreign affiliates and the southern firms
that imitates them. As discussed earlier, this benefits consumers in both regions through lower
prices and increased product variety from innovation.
3.2.4 Aggregate Labor Demand
To understand the effects of the different policy changes, it is useful to look at labor demand by
activity and across high-productivity and low-productivity firms. From expanding the left-hand
side of (15) by ntLt/ntLt and evaluating at time t = 0, it follows that LR0 = g
2δaNL0. It was
seen earlier that aggregate labor demand from adaptive R&D by firms of marginal cost type i is
LiF0 =
(
φi
)2
γiXδaFL0, (i = H,L). Similarly, using (19), I can derive the aggregate demand from
export-learning R&D activities by firms of marginal cost type i, LiX0 =
(
χi
)2
γiNδaXL0. Aggregate
labor demand from production in northern non-exporting firms of marginal cost type i is ciXiNL0.
For northern exporters, aggregate labor demand from production for the home market is ciXiXL0
and from production for the export market τciXi∗XL0. Foreign affiliates in the South have aggregate
labor demand ciXiFL0 for production for the domestic market and τc
iXi∗XL0 for production for the
export market. Similarly, southern imitating firms have labor demand ciXiIL0 for production for
the domestic market and τciXi∗I L0 for production for the export market.
I calculate labor demand by activity and productivity type for the two benchmarks and for each
of the counterfactual scenarios. The results are presented in Table 2. The top panel represents
labor demand by activitity and by productivity type for firms in the North, and the lower panel
represents labor demand by activity and productivity type for firms in the South.14 With stronger
IPR protection (Column 3 of Table 2), northern labor moves from production in low-cost exporting
firms to innovation activities (cLXLXL0 decreases from .132 to .103 and τc
LXL∗X L0 decreases from
.103 to .094 while LR0 increases from .143 to .150.) Interestingly, less labor is employed in high-cost
exporting firms for production for the domestic market (cHXHXL0 decreases from .041 to .039) but
14When calibrating the model, I set LN0 = 1 and LS0 = 2.
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(1) (2) (3) (4) (5) (6)
1990 2005 aI ↑ τ ↓ aX ↓ aF ↓
τ = 1.54 τ = 1.33 τ = 1.54 τ = 1.33 τ = 1.54 τ = 1.54
aI = 4 aI = 38.5 aI = 38.5 aI = 4 aI = 4 aI = 4
North
Inn. R&D LR0 .143 .140 .150 .132 .139 .144
Dom. prod. cLXLNL0 .285 .249 .300 .237 .208 .289
Dom. prod. cHXHNL0 .263 .246 .277 .233 .226 .266
Dom. prod. cLXLXL0 .132 .119 .103 .149 .194 .124
Exp. prod. τcLXL∗X L0 .103 .144 .094 .151 .120 .104
Dom. prod. cHXHXL0 .041 .047 .039 .049 .070 .040
Exp. prod. τcHXH∗X L0 .032 .057 .036 .049 .043 .034
South
Exp. R&D LLX0 .043 .066 .045 .062 .048 .042
Exp. R&D LHX0 .012 .019 .012 .018 .015 .011
FDI R&D LLF0 .016 .094 .103 .013 .014 .012
FDI R&D LHF0 .001 .011 .011 .001 .002 .001
Dom. prod. cLXLFL0 .089 .503 .543 .081 .085 .090
Exp. prod. τcLXL∗F L0 .013 .100 .069 .019 .016 .012
Dom. prod. cHXHF L0 .008 .058 .060 .008 .009 .009
Exp. prod. τcHXH∗F L0 .001 .012 .008 .002 .002 .001
Dom. prod. cLXLI L0 1.449 .850 .917 1.323 1.379 1.461
Exp. prod. τXL∗I L0 .215 .169 .117 .314 .258 .202
Dom. prod. cHXHI L0 .133 .098 .102 .127 .145 .140
Exp. prod. τcHXH∗I L0 .020 .020 .013 .030 .027 .019
Table 2: Pre- and post-TRIPS benchmarks and four counterfactual scenarios. (Inn. R&D - inno-
vative R&D, Exp. R&D - export-learning R&D, FDI R&D - adaptive R&D in foreign affiliates,
Exp. Prod. - Production for export market, Dom. Prod - Production for domestic market.) (1)
1990 benchmark, (2) 2005 benchmark (trade liberalization and stronger IPR protection), (3) Coun-
terfactual with stronger IPR protection but without trade liberalization, (4) Counterfactual with
trade liberalization but without stronger IPR protection, (5) Counterfactual with same parameter
values as 1990 benchmark except lower export learning cost, aX = 2, (6) Counterfactual with same
parameter values as 1990 benchmark except lower cost of FDI, aF = 10.
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more labor is employed in these firms for production for the export market (τcHXH∗X increases from
.032 to .036.) Because there are more new varieties in the North as a result of more innovation, more
labor resources are demanded for production in northern non-exporting firms (cLXLNL0 increases
from .285 to .300 and cHXHNL0 increases from .263 to .277). In the South, stronger IPR protection
leads to a large increase in labor employed in adaptive R&D (LLF0 increases from .016 to .103 and
LHF0 increases from .001 to .011). As expected, there is a redistribution of production labor from
imitating firms to foreign affiliates. For low-cost firms, cLXLI L0 decreases from 1.449 to .917 and
τcLXL∗I L0 decreases from .215 to .117 whereas c
LXLFL0 increases from .089 to .543 and τc
LXL∗F L0
increases from .013 to .069, and there is a similar pattern for high-cost firms in the South.
As a result of trade liberalization (Column 4 of Table 2), production labor in the North moves
from non-exporting firms to exporting firms (cLXLNL0 decreases from .285 to .237 and c
HXHNL0
decreases from .263 to .233 while cLXLXL0 increases from .132 to .149, τc
LXL∗X L0 increases from
.103 to .151, cHXHXL0 increases from .041 to .049 and τc
HXH∗X L0 increases from .032 to .049).
There is a redistribution of resources within exporting firms in the North. For northern exporters,
trade liberalization makes the export market more attractive, as seen by the proportionally larger
increase in labor demand from production for the export market. Production in exporting firms
increases by so much that it also draws labor from innovative R&D activities (LR0 decreases from
.143 to .132). In the South, there is a redistribution of researchers from adaptive R&D to R&D done
by exporting northern firms (LiF0 decreases and L
i
X0 increases). In addition to this redistribution
of labor resources across firms in the South, lower trade costs results in a relative redistribution of
labor resources within firms in the South. All southern firms export to the North and as a result
of lower barriers to trade, firms redistribute resources from production for the domestic market to
production for the export market. For foreign affiliates and southern firms, labor demand from
production for the domestic market decreases and labor demand from production for the export
market increases (for example, cLXLFL0 decreases from .089 to .081 while τc
LXL∗F L0 increases from
.013 to .019 and cLXLI L0 decreases from 1.449 to 1.323 while τc
LXL∗I L0 increases from .215 to
.314).
Lowering the export-learning cost in the North (Column 5 of Table 2) have similar effects on
employment in different activities and productivity type of firms as lower variable trade costs. In
the North, labor is redistributed from production by firms that only serve the domestic market
towards production by exporting firms (ciXiNL0 decrease while c
iXiXL0 and τc
iXi∗XL0 increase).
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Some labor is drawn from innovation (LR0 decreases) towards production by exporting firms. This
is straightforward since lower costs of export-learning create stronger incentives for all northern
non-exporting firms to learn how to export, similar to the effect of lower trade costs. A lower
northern export-learning cost has no effect on the actual costs of exporting for southern firms but
it still leads to a redistribution of labor within southern firms from production for the domestic
market towards production for the export market. Lower export-learning costs (as well as lower
trade costs) lead to an increase in the North-South relative wage. This increases the purchasing
power of northern consumers relative to southern consumers, making the export market relatively
more attractive for firms in the South. Therefore, there is a redistribution of labor within southern
firms from production for the domestic market to production for the export market.
The effects on employment from lowering aF , such that adaptive R&D is more productive
(essentially making FDI less costly), are presented in Column 6 of Table 2. The results suggest
that, in the North, labor is redistributed towards innovation activities and towards production by
firms that have not yet learned how to export (LR0 and c
iXiNL0 increase). In the South, labor
is freed up from adaptive R&D (LLF0 decreases). Low-cost firms are doing more FDI than high-
cost firms, and as adaptive R&D is more productive (aF ↓), less researchers are demanded by
low-cost firms. With lower FDI cost, the rates of FDI is higher (φi, (i = H,L) increase as seen
in Column 6 of Table 1). There is a relative redistribution of labor within imitating firms, from
production for the export market towards production for the domestic market (ciXiIL0 increase
while τciXi∗I L0 decrease). A similar pattern can be seen also for labor demand from production
by foreign affiliates in the South. A lower FDI cost decreases consumer expenditure in the North
proportionally more than consumer expenditure in the South (as seen in Column 6 of Table 1, in
this example, cN decreases from 2.056 to 1.882 while cS decreases from 1.028 to 1.026). For southern
firms, this makes the domestic market relatively more attractive than the export market, causing a
redistribution of production labor within firms with production in the South.
4 Concluding Comments
I present a dynamic general equilibrium model of North-South trade where high-cost and low-cost
firms can engage in innovation, learn how export and then do FDI to become multinational firms
and engage in multinational production. I find that export-learning rates and FDI rates are higher
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for high-productivity firms than for low-productivity firms. As a result, exporters are on average
more productive than non-exporters and multinational firms are on average more productive than
exporters. In equilibrium, there are still some low-productivity exporters, some low-productivity
multinationals and some-high productivity non-exporters. This is consistent with empirical evidence
from Bernard et al (2007) and Mayer and Ottaviano (2008), but cannot be explained in traditional
Melitz (2003)-style models where all firms above a certain productivity threshold engage in either
exporting or FDI, or only produce for the domestic market. In my model, low-productivity firms
invest in learning how to export and do FDI, but they are just not as successful in these activites
as high-productivity firms.
The model allows me to study the long-run implications of trade liberalization, lower fixed
costs of exporting, lower fixed costs of FDI and stronger intellectual property rights protection
on innovation, international technology transfer and consumer welfare. I disentangle how labor
resources are reallocated within regions in response to these changes: across sectors (production,
innovation, export-learning and adaption to multinational production), across high-productivity
and low-productivity firms, and within firms as they produce more (less) for the home market
visavi the export market. Stronger IPR protection and lower costs of FDI lead to more technology
transfer within multinational firms and more innovation. Consumers in both regions benefit from
lower prices and incresed product variety. Low-cost firms respond more to FDI-related policies
than high-cost firms by transferring more production to the South than high-cost firms. However,
lower costs of FDI cannot explain the large increase in FDI inflow going to developing countries
during 1990-2005, but stronger IPR protection can. As a result of lower fixed costs of exporting,
increased labor demand from production activities in exporting firms in the North puts upward
pressure on the northern wage rate. Higher production costs are passed on to consumers in both
regions through higher prices for exporting northern firms’ varieties. Lower fixed cost of exporting
in the North makes northern consumers worse off in the long run but can make southern consumers
better off if the benefit from access to more northern product varieties outweighs the effect of higher
prices of imports.
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Appendix: Solving The Model
In this appendix, calculations done to solve the model are spelled out in more detail.
Households
The static consumer optimization problem is
max
xt(·)
∫ nt
0
xt(ω)
αdω s.t. y˙(ω) = pt(ω)xt(ω), y(0) = 0, y(nt) = ct.
where y(ω) is a new state variable and y˙(ω) is the derivative of y with respect to ω. The Hamiltonian
function for this optimal control problem is
H = xt(ω)
α + γ(ω)pt(ω)xt(ω)
where γ(ω) is the costate variable. The costate equation ∂H∂y = 0 = −γ˙(ω) implies that γ(ω) is
constant across ω. ∂H∂x = αxt(ω)
α−1 + γ · pt(ω) = 0 implies that
xt(ω) =
(
α
−γ · pt(ω)
)1/(1−α)
.
Substituting this back into the budget constraint yields
ct =
∫ nt
0
pt(ω)xt(ω)dω =
∫ nt
0
pt(ω)
(
α
−γ · pt(ω)
)1/(1−α)
dω =
(
α
−γ
)1/(1−α) ∫ nt
0
pt(ω)
1−α−1
1−α dω.
Now σ ≡ 11−α implies that 1− σ = 1−α−11−α = −α1−α , so
ct∫ nt
0 pt(ω)
1−σdω
=
(
α
−γ
)1/(1−α)
.
It immediately follows that the consumer demand function is
xt (ω) =
pt (ω)
−σ ct
P 1−σt
(3)
where Pt ≡
[∫ nt
0 pt(ω)
1−σdω
]1/(1−σ)
is an index of consumer prices.
Substituting this consumer demand function back into the consumer utility function yields
ut =
 nt∫
0
xt (ω)
α dω
 1α =
 nt∫
0
pt (ω)
−σα cαt
P
(1−σ)α
t
dω
 1α = ct
 nt∫
0
pt (ω)
−σα
P
(1−σ)α
t
dω
 1α .
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Taking into account that −σα = −α1−α = 1− σ, consumer utility can be simplified further to
ut =
ct
P 1−σt
 nt∫
0
pt (ω)
1−σ dω
 1α = ct
P 1−σt
[
P 1−σt
] 1
α =
ct
P 1−σt
P−σt =
ct
Pt
or
lnut = ln ct − lnPt.
The individual household takes the prices of all products as given, as well as how prices change over
time, so the lnPt term can be ignored in solving the household’s dynamic optimization problem.
This problem simplifies to:
max
ct
∞∫
0
e−(ρ−gL)t ln ct dt s.t. a˙t = wt + rtat − gLat − ct,
where at represents the asset holding of the representative consumer, wt is the wage rate and rt is
the interest rate.
The Hamiltonian function for this optimal control problem is
H = e−(ρ−gL)t ln ct + λt [wt + rtat − gLat − ct]
where λt is the relevant costate variable. The costate equation −λ˙t = ∂H∂a˜ = λt [rt − gL] implies that
λ˙t
λt
= gL − rt.
∂H/∂ct = e
−(ρ−gL)t 1
ct
− λt = 0 implies that e−(ρ−gL)t 1ct = λt. Taking logs of both sides yields− (ρ− gL) t− ln ct = lnλt and then differentiating with respect to time yields
− (ρ− gL)− c˙t
ct
=
λ˙t
λt
= gL − rt.
It immediately follows that
c˙t
ct
= rt − ρ. (4)
Steady-State Dynamics
In this section, I derive some steady-state equilibrium implications of the model.
Because prices differ between the North and the South due to trade costs, and because the set of
varieties available to consumers in the South is a subset of the set of varieties available to consumers
in the North, I need to define a different price index for each region. Let PNt be the price index
for the North and PSt be the price index for the South. Given the definition of the price index
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Pt ≡
[∫ nt
0 pt(ω)
1−σdω
]1/(1−σ)
, it follows that the northern price index satisfies
P 1−σNt =
∫ nt
0
pt(ω)
1−σdω
=
∑
i=H,L
[
niNt
(
piN
)1−σ
+ niXt
(
piN
)1−σ
+ niF t
(
pi∗F
)1−σ
+ niIt
(
pi∗I
)1−σ]
=
∑
i=H,L
[
γiNnt
(
piN
)1−σ
+ γiXnt
(
piN
)1−σ
+ γiFnt
(
pi∗F
)1−σ
+ γiInt
(
pi∗I
)1−σ]
=
∑
i=H,L
[
γiN
(
piN
)1−σ
+ γiX
(
piN
)1−σ
+ γiF
(
pi∗F
)1−σ
+ γiI
(
pi∗I
)1−σ]
nt
where the term in brackets is constant over time. Likewise, the southern price index satisfies
P 1−σSt =
∫ nt
0
pt(ω)
1−σdω
=
∑
i=H,L
[
niXt
(
pi∗N
)1−σ
+ niF t
(
piF
)1−σ
+ niIt
(
piI
)1−σ]
=
∑
i=H,L
[
γiXnt
(
pi∗N
)1−σ
+ γiFnt
(
piF
)1−σ
+ γiInt
(
piI
)1−σ]
=
∑
i=H,L
[
γiX
(
pi∗N
)1−σ
+ γiF
(
piF
)1−σ
+ γiI
(
piI
)1−σ]
nt
where the term in brackets is constant over time.
The representative northern consumer’s static utility is uNt = cNt/PNt and the representative
southern consumer’s static utility is uSt = cSt/PSt. In any steady-state equilibrium, consumer ex-
penditure is constant but the price indexes PNt and PSt fall over time, and therefore consumer utility
grows over time in steady-state equilibrium. Define gu ≡ u˙Nt/uNt = u˙St/uSt. It is straightforward
to see that u˙Nt/uNt = −P˙Nt/PNt = g/(σ − 1).
I also derive steady-state expressions for the variety shares. First, I solve for γiN . By differenti-
ating the variety condition for i-cost firms qint = n
i
Nt + n
i
Xt + n
i
F t + n
i
It, I obtain
qin˙t = n˙
i
Nt + n˙
i
Xt + n˙
i
F t + n˙
i
It
qi
n˙t
nt
=
n˙iNt + n˙
i
Xt + n˙
i
F t + n˙
i
It
nt
qig =
n˙iNt
niNt
niNt
nt
+
n˙iXt + n˙
i
F t + n˙
i
It
niNt
niNt
nt
qig = gγiN + χ
iγiN
and solving for γiN yields
γiN = q
i g
g + χi
, (i = H,L). (7)
From the definition of the export-learning rate for northern firms of marginal cost type i, I
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obtain that
χi =
n˙iXt + n˙
i
F t + n˙
i
It
niNt
=
n˙iXt
niXt
niXt/nt
niNt/nt
+
n˙iF t + n˙
i
It
niXt
niXt/nt
niNt/nt
=
(
g + φi
) γiX
γiN
and it follows that γiX = γ
i
N
(
χi
g+φi
)
. Inserting the steady-state expression for γiN from (7) yields
γiX = q
i χ
i
g + χi
g
g + φi
, (i = H,L). (8)
From the definition of the FDI rate for exporting firms of marginal cost type i, I obtain that
φi =
n˙iF t + n˙
i
It
niXt
=
n˙iF t
niF t
niF t/nt
niXt/nt
+
n˙iIt
niF t
niF t/nt
niXt/nt
= (g + ιS)
γiF
γiX
and it follows that γiF = γ
i
Xφ
i/ (g + ιS). Inserting the steady-state expressions for γ
i
X from (8)
yields
γiF = q
i χ
i
g + χi
φi
g + φi
g
g + ιS
, (i = H,L). (9)
From the definition of the imitation rate, I obtain that
ιS ≡ n˙
i
It
niF t
=
n˙iIt
niIt
niIt/nt
niF t/nt
= g
γiI
γiF
.
and it follows that γiI = (ιS/g) γ
i
F . Inserting the steady-state expressions for γ
i
F from (9) yields
γiI = q
i χ
i
g + χi
φi
g + φi
ιS
g + ιS
, (i = H,L). (10)
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Product Markets
A northern firm of marginal cost type i where i = H,L earns the flow of domestic profits
piiNt =
(
piN − ciwN
)
xiNtLNt
where xiNt is the quantity demanded by the typical northern consumer of the northern firm’s product.
From the earlier demand function, it follows that xiNt =
(
piN
)−σ
cN/P
1−σ
Nt . Hence, I can write a
northern firm’s profit flow as:
piiNt =
(
piN − ciwN
) (piN)−σ cNLNt
P 1−σNt
.
Maximizing piiNt with respect to p
i
N yields the first-order condition
∂piiNt
∂piN
=
[
(1− σ) (piN)−σ + σciwN (piN)−σ−1] cNLNt
P 1−σNt
= 0,
which implies that (1− σ) (piN)−σ + σciwN (piN)−σ−1 = 0 since cNLNtP 1−σNt 6= 0. Dividing by (piN)−σ
yields σc
iwN
piN
= σ − 1 or
piN =
σciwN
σ − 1 =
ciwN
α
.
To demonstrate the second equality, first note that σ ≡ 11−α implies that σ− 1 = 1−(1−α)1−α = α1−α . It
follows that σσ−1 = (
1
1−α)/(
α
1−α) =
1
α . Plugging the prices back into the profit expression, I obtain
piiNt =
(
piN − ciwN
) (piN)−σ cNLNt
P 1−σNt
=
(
ciwN
α
− ciwN
) (
piN
)−σ
cNLNt
P 1−σNt
=
ciwN
σ − 1
[(
piN
)−σ
cNLNt
P 1−σNt
]
where I have used that 1α − 1 = σσ−1 − σ−1σ−1 = 1σ−1 . It turns out to be convenient to reexpress profits
by multiplying the RHS by LtLt
niNt
niNt
nt
nt
:
piiNt =
ciwN
σ − 1
[(
piN
)−σ
cNLNtn
i
Nt
P 1−σNt Lt
]
Lt
nt
niNt
nt
.
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Now γiN ≡ n
i
Nt
nt
is constant over time, XiN ≡ (
piN)
−σ
cNLNtn
i
Nt
P 1−σNt Lt
is constant over time since P 1−σNt grows
at the same rate g as niNt. Thus I can write pi
i
Nt more simply as:
piiNt =
ciwNX
i
N
(σ − 1) γiN
Lt
nt
. (11)
A northern exporting firm earns the flow of global profits
piiXt =
(
piN − ciwN
)
xiXtLNt +
(
pi∗N − τciwN
)
xi∗XtLSt
where xiXt =
(
piN
)−σ
cN/P
1−σ
Nt is the quantity demanded by the typical northern consumer of the
northern exporting firm’s product and xi∗Xt =
(
pi∗N
)−σ
cS/P
1−σ
St is the quantity demanded by the
typical southern consumer of the northern exporting firm’s product. Hence, I can write a northern
exporting firm’s global profit flow as:
piiXt =
(
piN − ciwN
) (piN)−σ cNLNt
P 1−σNt
+
(
pi∗N − τciwN
) (pi∗N)−σ cSLSt
P 1−σSt
.
Maximizing piiXt with respect to p
i
N yields the first-order condition
∂piiXt
∂piN
=
[
(1− σ) (piN)−σ + σciwN (piN)−σ−1] cNLNt
P 1−σNt
= 0,
which implies that (1− σ) (piN)−σ + σciwN (piN)−σ−1 = 0 since cNLNtP 1−σNt 6= 0. Dividing by (piN)−σ
yields σc
iwN
piN
= σ − 1 or
piN =
σciwN
σ − 1 =
ciwN
α
.
Similarly, maximizing piiXt with respect to p
i∗
N yields the first-order condition
∂piiXt
∂pi∗N
=
[
(1− σ) (pi∗N)−σ + στciwN (pi∗N)−σ−1] cSLSt
P 1−σSt
= 0,
which implies that (1− σ) (pi∗N)−σ + στciwN (pi∗N)−σ−1 = 0. Dividing by (pi∗N)−σ yields στciwNpi∗N =
σ − 1 or
pi∗N =
στciwN
σ − 1 =
τciwN
α
.
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Plugging the prices back into the profit expression, I obtain
piiXt =
(
piN − ciwN
) (piN)−σ cNLNt
P 1−σNt
+
(
pi∗N − τciwN
) (pi∗N)−σ cSLSt
P 1−σSt
=
(
ciwN
α
− ciwN
) (
piN
)−σ
cNLNt
P 1−σNt
+
(
τciwN
α
− τciwN
) (
pi∗N
)−σ
cSLSt
P 1−σSt
=
ciwN
σ − 1
[(
piN
)−σ
cNLNt
P 1−σNt
+ τ
(
pi∗N
)−σ
cSLSt
P 1−σSt
]
where I have used that 1α − 1 = σσ−1 − σ−1σ−1 = 1σ−1 . It turns out to be convenient to reexpress profits
by multiplying the RHS by LtLt
niXt
niXt
nt
nt
:
piiXt =
ciwN
σ − 1
[(
piN
)−σ
cNLNtn
i
Xt
P 1−σNt Lt
+ τ
(
pi∗N
)−σ
cSLStn
i
Xt
P 1−σSt Lt
]
Lt
nt
niXt
nt
.
Now γiX ≡ n
i
Xt
nt
is constant over time, XiX ≡ (
piN)
−σ
cNLNtn
i
Xt
P 1−σNt Lt
is constant over time since P 1−σNt grows
at the same rate g as niXt, and X
i∗
X ≡ (
pi∗N)
−σ
cSLStn
i
Xt
P 1−σSt Lt
is constant over time since P 1−σSt grows at the
same rate g as niXt. Thus I can write pi
i
Xt more simply as:
piiXt =
[
ciwN
(
XiX + τX
i∗
X
)
(σ − 1) γiX
]
Lt
nt
. (12)
A foreign affiliate earns the flow of global profits:
piiF t =
(
piF − ciwS
)
xiF tLSt +
(
pi∗F − τciwS
)
xi∗FtLNt
where xiF t =
(
piF
)−σ
cS/P
1−σ
St is the quantity demanded by the typical southern consumer of the
foreign affiliate’s product and xi∗Ft =
(
pi∗F
)−σ
cN/P
1−σ
Nt is the quantity demanded by the typical
northern consumer of the foreign affiliate’s product. Hence, I can write a foreign affiliate’s profit
flow as
piiF t =
(
piF − ciwS
) (piF )−σ cSLSt
P 1−σSt
+
(
pi∗F − τciwS
) (pi∗F )−σ cNLNt
P 1−σNt
.
Maximizing piiF t with respect to p
i
F yields the first-order condition
∂piiF t
∂piF
=
[
(1− σ) (piF )−σ + σciwS (piF )−σ−1] cSLSt
P 1−σSt
= 0
which implies that (1− σ) (piF )−σ + σciwS (piF )−σ−1 = 0. Dividing by (piF )−σ yields σciwSpiF = σ− 1
or
piF =
σciwS
σ − 1 =
ciwS
α
.
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Similarly, maximizing piiF t with respect to p
i∗
F yields the first-order condition
∂piiF t
∂pi∗F
=
[
(1− σ) (pi∗F )−σ + στciwS (pi∗F )−σ−1] cNLNt
P 1−σNt
= 0,
which implies that (1− σ) (pi∗F )−σ+στciwS (pi∗F )−σ−1 = 0. Dividing by (pi∗F )−σ yields στciwSpi∗F = σ−1
or
pi∗F =
στciwS
σ − 1 =
τciwS
α
.
When the inequality τwS < wN holds, each foreign affiliate exports to the northern market. The
trade costs parameter τ cannot be too high. Plugging the prices back into the profit expression, I
obtain
piiF t =
(
ciwS
α
− ciwS
) (
piF
)−σ
cSLSt
P 1−σSt
+
(
τciwS
α
− τciwS
)
(pi∗F )
−σcNLNt
P 1−σNt
=
ciwS
σ − 1
[(
piF
)−σ
cSLSt
P 1−σSt
+ τ
(
pi∗F
)−σ
cNLNt
P 1−σNt
]
.
I reexpress profits by multiplying the RHS by LtLt
niFt
niFt
nt
nt
:
piiF t =
ciwS
σ − 1
[(
piF
)−σ
cSLStn
i
F t
P 1−σSt Lt
+ τ
(
pi∗F
)−σ
cNLNtn
i
F t
P 1−σNt Lt
]
Lt
nt
niFt
nt
.
Now γiF ≡ n
i
Ft
nt
is constant over time, XiF ≡ (
piF )
−σ
cSLStn
i
Ft
P 1−σSt Lt
is constant over time since P 1−σSt grows
at the same rate g as niF t, and X
i∗
F ≡ (
pi∗F )
−σ
cNLNtn
i
Ft
P 1−σNt Lt
is constant over time since P 1−σNt grows at the
same rate g as niF t. Thus I can write pi
i
F t more simply as:
piiF t =
[
ciwS
(
XiF + τX
i∗
F
)
(σ − 1) γiF
]
Lt
nt
. (13)
A foreign affiliate’s variety is imitated by southern firms at the exogenously given rate ιS . Once
the imitation technology is available to southern firms, competition drives down price to marginal
cost and southern firms therefore earn zero profits. The quantity demanded by the typical southern
consumer of southern firm products is xiIt = p
−σ
S cS/P
1−σ
St and x
i∗
It =
(
pi∗S
)−σ
cN/P
1−σ
Nt is the quantity
demanded by the typical northern consumer of southern firm products. Since southern firms set
price equal to marginal cost, I must have piS = c
iwS and p
i∗
S = τc
iwS .
R&D Incentives
For a non-exporting northern firm, the no-arbitrage condition is
vNt =
qpiHNt + (1− q)piLNt
ρ+ θg
=
wNaNg
nθt
.
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Substituting for piHNt and pi
L
Nt yields
qcHwNX
H
N
(σ−1)γHN
Lt
nt
+
(1−q)cLwNXLN
(σ−1)γLN
Lt
nt
ρ+ θg
=
wNaNg
nθt
qcHXHN
(σ−1)γHN
+
(1−q)cLXLN
(σ−1)γLN
ρ+ θg
= aNg
n1−θt
Lt
.
Using the definition of relative R&D difficulty the steady-state northern no-arbitrage condition
becomes
1
σ−1
(
qcHXHN
γHN
+
(1−q)cLXLN
γLN
)
ρ+ θg
= aNgδ. (26)
For a northern exporting firm, the no-arbitrage condition is
viXt − viNt =
piiXt
ρ+ θg
− pi
i
Nt
ρ+ θg
=
wSaXχ
i
nθt
.
Using the profits for northern exporters and non-exporters from earlier, I can write this as:
ciwN
(σ−1)
XiX+τX
i∗
X
γiX
Lt
nt
ρ+ θg
−
ciwNX
i
N
(σ−1)γiN
Lt
nt
ρ+ θg
=
wSaXχ
i
nθt
ciw
(σ−1)
XiX+τX
i∗
X
γiX
ρ+ θg
−
ciwXiN
(σ−1)γiN
ρ+ θg
= aXχ
in
1−θ
t
Lt
.
It follows that the steady-state exporter no-arbitrage condition is
ciw
σ − 1
 XiX+τXi∗XγiX − XiNγiN
ρ+ θg
 = aXχiδ (28)
where w ≡ wN/wS is the northern relative wage.
For a foreign affiliate, the no-arbitrage condition is
piiF t
ρ+ θg + ιS
− pi
i
Xt
ρ+ θg
=
wSaFφ
i
nθt
.
Substituting for piiF t and pi
i
Xt yields
ciwS
σ−1
XiF+τX
i∗
F
γiF
Lt
nt
ρ+ θg + ιS
−
ciwN
σ−1
XiX+τX
i
X
γiX
Lt
nt
ρ+ θg
=
wSaFφ
i
nθt
ci
σ−1
XiF+τX
i∗
F
γiF
ρ+ θg + ιS
−
ciw
σ−1
XiX+τX
i∗
X
γiX
ρ+ θg
= aFφ
in
1−θ
t
Lt
.
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It follows that the steady-state foreign affiliate no-arbitrage condition is
ci
σ − 1
 X
i
F+τX
i∗
F
γiF
ρ+ θg + ιS
−
w(XiX+τX
i∗
X )
γiX
ρ+ θg
 = aFφiδ. (30)
Aggregate Demand
To solve the model, I need steady-state values for the aggregate demand terms XiN , X
i
X , X
i∗
X , X
i
F ,
Xi∗F , X
i
I and X
∗
I . The calculations
XiN
Xi∗F
=
(piN)
−σ
cNLNtn
i
Nt
P 1−σNt Lt
(pi∗F )
−σ
cNLNtn
i
Ft
P 1−σNt Lt
=
(
piN
pi∗F
)−σ
niNt/nt
niF t/nt
=
(
ciwN
α
τciwS
α
)−σ
γiN
γiF
=
(w
τ
)−σ qi gg+χi
qi χ
i
g+χi
φi
g+φi
g
g+ιS
=
(w
τ
)−σ (g + φi) (g + ιS)
χiφi
,
XiX
Xi∗F
=
(piN)
−σ
cNLNtn
i
Xt
P 1−σNt Lt
(pi∗F )
−σ
cNLNtn
i
Ft
P 1−σNt Lt
=
(
piN
pi∗F
)−σ
niXt/nt
niF t/nt
=
(
ciwN
α
τciwS
α
)−σ
γiX
γiF
=
(w
τ
)−σ qi χig+χi gg+φi
qi χ
i
g+χi
φi
g+φi
g
g+ιS
=
(w
τ
)−σ g + ιS
φi
,
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Xi∗X
XiF
=
(pi∗N)
−σ
cSLStn
i
Xt
P 1−σSt Lt
(piF )
−σ
cSLStn
i
Ft
P 1−σSt Lt
=
(
pi∗N
piF
)−σ
niXt/nt
niF t/nt
=
(
τciwN
α
ciwS
α
)−σ
γiX
γiF
= (τw)−σ
qi χ
i
g+χi
g
g+φi
qi χ
i
g+χi
φi
g+φi
g
g+ιS
= (τw)−σ
g + ιS
φi
,
XiI
XiF
=
(piS)
−σ
cSLStn
i
It
P 1−σSt Lt
(piF )
−σ
cSLStn
i
Ft
P 1−σSt Lt
=
(
piS
piF
)−σ
niIt/nt
niF t/nt
=
(
ciwS
ciwS
α
)−σ
γiI
γHF
=
(
1
α
)σ qi χi
g+χi
φi
g+φi
ιS
g+ιS
qi χ
i
g+χi
φi
g+φi
g
g+ιS
=
(
1
α
)σ ιS
g
,
Xi∗I
Xi∗F
=
(pi∗S )
−σ
cNLNtn
i
It
P 1−σNt Lt
(pi∗F )
−σ
cNLNtn
i
Ft
P 1−σNt Lt
=
(
pi∗S
pi∗F
)−σ
niIt/nt
niF t/nt
=
(
τciwS
τciwS
α
)−σ
γiI
γiF
=
(
1
α
)σ qi χi
g+χi
φi
g+φi
ιS
g+ιS
qi χ
i
g+χi
φi
g+φi
g
g+ιS
=
(
1
α
)σ ιS
g
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imply that
XiN = X
i∗
F
(w
τ
)−σ (g + φi) (g + ιS)
χiφi
, (33)
XiX = X
i∗
F
(w
τ
)−σ g + ιS
φi
, (34)
Xi∗X = X
i
F (wτ)
−σ g + ιS
φi
, (35)
XiI = X
i
F
(
1
α
)σ ιS
g
, (36)
and
Xi∗I = X
i∗
F
(
1
α
)σ ιS
g
. (37)
Finally, I need to express XHF in terms of X
L
F and X
H∗
F in terms of X
L∗
F . The calculations
XHF
XLF
=
(pHF )
−σ
cSLStn
H
Ft
P 1−σSt Lt
(pLF )
−σ
cSLStn
L
Ft
P 1−σSt Lt
=
(
pHF
pLF
)−σ
nHFt/nt
nLFt/nt
=
(
cHwS
α
cLwS
α
)−σ
γHF
γLF
=
(
cH
cL
)−σ q ( χH
g+χH
φH
g+φH
g
g+ιS
)
(1− q)
(
χL
g+χL
φL
g+φL
g
g+ιS
)
yields
XHF = X
L
F
(
cH
cL
)−σ (
q
1− q
)(
g + χL
g + χH
)(
χH
χL
)(
g + φL
g + φH
)(
φH
φL
)
(38)
where I have used that qH = q and qL = 1− q.
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Similarly, the calculations
XH∗F
XL∗F
=
(pH∗F )
−σ
cNLNtn
H
Ft
P 1−σNt Lt
(pL∗F )
−σ
cNLNtn
L
Ft
P 1−σNt Lt
=
(
pH∗F
pL∗F
)−σ
nHFt/nt
nLFt/nt
=
(
τcHwS
α
τcLwS
α
)−σ
γHF
γLF
=
(
cH
cL
)−σ q ( χH
g+χH
φH
g+φH
g
g+ιS
)
(1− q)
(
χL
g+χL
φL
g+φL
g
g+ιS
)
yields
XH∗F = X
L∗
F
(
cH
cL
)−σ (
q
1− q
)(
g + χL
g + χH
)(
χH
χL
)(
g + φL
g + φH
)(
φH
φL
)
. (39)
Asset Ownership and Consumer Expenditure
Northern household savings finance northern R&D (innovation) and southern household savings
finance southern R&D (export learning and FDI). Denote aggregate northern assets by ANt and ag-
gregate southern assets by ASt. Total assets are At = ANt+ASt =
∑
i=H,L n
i
Ntv
i
Nt+n
i
Xtv
i
Xt+n
i
F tv
i
F t.
Aggregate northern assets are ANt =
∑
i=H,L
(
niNt + n
i
Xt + n
i
F t
)
viNt while aggregate southern assets
are ASt = At −ANt =
∑
i=H,L n
i
xt
(
viXt − viNt
)
+ niF t
(
viF t − viNt
)
. From
viXt − viNt =
wSaXχ
i
nθt
, (i = H,L)
and
viF t − viXt =
wSaFφ
i
nθt
, (i = H,L)
it follows that
viF t − viXt =
wSaFφ
i
nθt
viF t −
(
wSaXχ
i
nθt
+ viNt
)
=
wSaFφ
i
nθt
viF t − viNt =
wSaFφ
i
nθt
+
wSaXχ
i
nθt
.
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Substituting for viF t − viNt in the expression for aggregate southern assets
ASt =
∑
i=H,L
nixt
(
viXt − viNt
)
+ niF t
(
viF t − viNt
)
=
∑
i=H,L
nixt
wSaXχ
i
nθt
+ niF t
(
wSaFφ
i
nθt
+
wSaXχ
i
nθt
)
= wSLt
n1−θt
Lt
 ∑
i=H,L
(
niXt
nt
)
aXχ
i +
(
niF t
nt
)(
aFφ
i + aXχ
i
)
yields
ASt = wSLtδ
 ∑
i=H,L
γiXaXχ
i + γiF
(
aFφ
i + aXχ
i
) . (40)
Using viNt =
piiNt
ρ+θg and the steady-state profit expressions pi
i
Nt =
ciwNX
i
N
(σ−1)γiN
Lt
nt
, (i = H,L), northern
aggregate assets can be written as
ANt =
∑
i=H,L
(
niNt + n
i
Xt + n
i
F t
)
viNt
=
∑
i=H,L
(
niNt
nt
+
niXt
nt
+
niF t
nt
)
piiNtnt
ρ+ θg
=
∑
i=H,L
(
γiN + γ
i
X + γ
i
F
) ciwNXiNnt
(σ − 1) γiN (ρ+ θg)
Lt
nt
which yields
ANt =
wNLt
(σ − 1) (ρ+ θg)
 ∑
i=H,L
ciXiN
γiN + γ
i
X + γ
i
F
γiN
 . (41)
The intertemporal budget constraint for the typical consumer in region k (k = N,S) is given
by a˙kt = wk + ρakt − ck − gLakt, where individual assets are akt = Akt/Lkt. In any steady-state
equilibrium a˙kt/akt = 0. Individual consumer expenditure for the typical consumer is therefore
ck = wk + (ρ− gL) akt. Consumer expenditure for the typical southern consumer is
cS = wS + (ρ− gL) aSt
= wS + (ρ− gL) ASt
LSt
= wS + (ρ− gL)wS Lt
LSt
δ
 ∑
i=H,L
γiXaXχ
i + γiF
(
aFφ
i + aXχ
i
) .
57
Evaluating at time 0 yields steady-state southern consumer expenditure
cS = wS + (ρ− gL)wS L0
LS0
δ
 ∑
i=H,L
γiXaXχ
i + γiF
(
aFφ
i + aXχ
i
) . (42)
Consumer expenditure for the typical northern consumer is
cN = wN + (ρ− gL) aNt
= wN + (ρ− gL) ANt
LNt
= wN + (ρ− gL) wN
(σ − 1) (ρ+ θg)
Lt
LNt
 ∑
i=H,L
ciXiN
γiN + γ
i
X + γ
i
F
γiN
 .
Evaluating at time 0 yields steady-state northern consumer expenditure
cN = wN +
(ρ− gL)wN
(σ − 1) (ρ+ θg)
L0
LN0
 ∑
i=H,L
ciXiN
γiN + γ
i
X + γ
i
F
γiN
 . (43)
Having solved for steady-state consumer expenditure cN and cS , I can take the ratio
XL∗F
XLF
=
(pL∗F )
−σ
cNLNtn
L
Ft
P 1−σNt Lt
(pLF )
−σ
cSLStn
L
Ft
P 1−σSt Lt
=
(
pL∗F
pLF
)−σ
cNLNt
cSLSt
P 1−σSt
P 1−σNt
=
(
τcLwS
α
cLwS
α
)−σ
cNLNt
cSLSt
P 1−σSt
P 1−σNt
=
(
1
τ
)σ cNLNt
cSLSt
P 1−σSt
P 1−σNt
.
Evaluating at time 0 yields the steady-state asset condition
XL∗F
XLF
=
(
1
τ
)σ cNLN0
cSLS0
P 1−σSt
P 1−σNt
. (44)
Aggregate Labor Demand
Total employment in innovative R&D LRt is derived from the flow of new products developed in
the North. From (15) it follows that
n˙t =
nθtLRt
aNg
n˙t
nt
nt
Lt
Lt
=
nθtLRt
aNg
g2aN
n1−θt
Lt
Lt = LRt.
Evaluating at time t = 0 yields steady-state employment in innovative R&D
LR0 = g
2aNδL0.
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Total employment in adaptive R&D by firms of marginal cost type i is denoted by LiF t. It is
derived from the flow of products that are adapted for production in the South as a result of firms’
FDI activities. From (21), I obtain
n˙iF t + n˙
i
It =
nθtL
i
F t
aFφi
n˙iF t + n˙
i
It
niX
niXt
nt
nt
Lt
Lt
=
nθtL
i
F t
aFφi(
φi
)2
aFγ
i
X
n1−θt
Lt
Lt = L
i
F t.
Evaluating at time t = 0 yields steady-state employment in adaptive R&D by firms of marginal
cost type i
LiF0 =
(
φi
)2
γiXδaFL0, (i = H,L).
Total employment in export-learning R&D by firms of marginal cost type i is denoted by LiXt.
It is derived from the flow of new products sold in the South as a consequence of export-learning
activities. From (19) it follows that
n˙iXt + n˙
i
F t + n˙
i
It =
nθtL
i
Xt
aXχi
n˙iXt + n˙
i
F t + n˙
i
It
niNt
niNt
nt
nt
Lt
Lt
=
nθtL
i
Xt
aXχi(
χi
)2
aXγ
i
N
n1−θt
Lt
Lt = L
i
Xt
Evaluating at time t = 0 yields steady-state employment in export-learning R&D by firms of
marginal cost type i
LiX0 =
(
χi
)2
aXγ
i
NδL0, (i = H,L).
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